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Nucleic acids were discovered in the 
latter half of last century,and this period may well 
be said to mark the beginning of the study of the 
chemistry of the cell nucleus. The work was init- 
iated by Miescher in an investigation of the chem- 
istry of nuclei isolated from pus cells:from such 
nuclei Liiescher,in 1868,prepared a substance soluble 
in sodium carbonate and precipitated from there by 
acidification with acetic acid. This substance, 
which Miescher named 'Nuclein',was shown by him to 
give typical protein reactions and to contain greater 
amounts of phosphorus than any naturally occuring 
organic compound then known. 
This work was carried out in Hoppe - 
Seyler's laboratory, but when submitted by Miescher 
for publication was withheld by the former while 
similar investigations were carried out by himself 
and his pupils. Simultaneously with the publication 
of Miescher's results (Luiescher,1871a) there thus 
appeared papers by Hoppe -Seyler and his school 
claiming the isolation of similar nucleins from 
yeast (Hoppe- Seyler,1871),from the nuclear material 
of bird and reptile erythrocytes (plosg,1871) and 
from a peptic digest of caesin (Lübayin,l871). Also 
a second paper was published by Miescher (1871b) 
claiming the presence of another nuclein in egg yolk. 
Thus,within three years of :,iiescher's original dis- 
covery in 1868 there were isolated the 'nucleins' 
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from five different sources - pus cell nuclei,yeast, 
nucleated erythrocytes,caesin and egg yolk; from all 
of which the nuclei were characterised as phosphotus, 
containing organic acids soluble in alkali to give 
solutions precipitable by acid. 
Iiescher next turned his attention to 
salmon sperm,which he was fortunate in being able to 
obtain in large amounts from the Rhine fisheries at 
Basle where he was then working. In the course of 
a thorough chemical and biological investigation of 
this material he derived a suitable method for 
isolating the sperm heads,which he realised to be 
pure nuclear materiäl,and from such sperm heads he 
(see Líiescher,1897) prepared Pwo substances - a 
base,protamine,which he believed to be a simple 
substance,and an acid similar to the nuclein of pus 
cell nuclei but differing from it in being protein 
free. As is evident from i,iiescher's analytical 
results,the nuclein which he isolated from salmon 
sperm was the first member of this type of chemical 
compound to be obtained in a substantially, if not 
completely,pure state. 
Further work was tedious owing to the 
lack of suitable methods for the isolation of the 
nucleic acids,as nuclein had been named by Altmann 
(1889),but in 1894 Kossel and I,Teumann derived a 
method for preparing nucleic acid, from thymus 
glands which yielded the material used by E4ssel in 
his classical investigation of nucleic acid chemis- 
try. 
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Neumann (1899) later developed the method 
of preparation into one capable of giving good yields 
from all the common sources of nucleic acid except 
yeast - no reliable method became available for the 
preparation of Hoppe- Seyler's yeast nucleic acid 
until the early years of the present century 
(Kowlevsky,1910). Using the preparative methods 
available Kossel (1891) showed the difference between 
the true nucleins -eg. from yeast or thymus,- which 
yielded purines on hydrolysis,and the pseudo -nucleins 
of egg yolk and caesin which,although containing 
phosphorus,yielded no purines on similar treatment. 
Thus he layed the foundations of modern nucleic acid 
m@a*t5 
chemistry. This ,,of characterising a true nucleic 
acid chemically left the way clear for the thorough 
chemical investigations which were being carried out 
in many different laboratories at that time. 
By the second decade of this century,the 
chemistry of nucleic acids had developed sufficiently, 
to allow the recognition of two quite distinct types 
(see Jones,1914). 
1. Animal nucleic acid - typified by :ü escher's 
salmon sperm nuclein. 
2. Plant nucleic acid - typified by Hoppe- Seyler's 
yeast nuclein. 
The above nomenclature indicates suffiently the 
«ki4 wag tñen a- suned. 
distribution of the two types of nucleic acid( 
By the time of the appearance of 
Levene's monograph (1,eveMe and Bass ,1931) the 
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position regarding the chemistry of nucleic acids 
was much clarified: the salient features of their 
structure were known and the above two classes had 
been differentiated as Deoxyribose nucleic acid 
(Animal nucleic acid) and Ribose nucleic acid (Plant 
nucleic acid). At this time it was still generally 
assumed that deoxyribose was purely an animal product 
while ribose nucleic acid was confined to the plant 
kingdom,although 1ammersten (1894) had many years 
previously isolated a yeast type of nucleic acid from 
the pancreas,which finding was confirmed and expanded 
by Jorpes (1928). 
Other evidence was available,however,to 
show that the currently accepted distribution of the 
two acids was wrong. This was the powerful and 
important histochemical test of 2eulgen any i osenbeck' 
(1924) for the detection of deoxyribose nucleic acid 
in histological preparations by virtue of its 
ability to give a pink colour with 8chiff's reagent 
after acid hydrolysis (!eulgen,1915). Using this 
test,these workers had shown the presence of deoxy- 
ribose nucleic acid in nuclei of both plant and 
animal cells. The importance of this work was not 
immediately recognised and it appeared to be dis- 
regarded to a considerable extent as it was not 
mentioned in Levene's otherwise comprehensive mono- 
graph. 2eulgen and Rosenbeck were themselves unable 
to demonstrate the presence of deoxyribose nucleic 
acid in yeast but with the refinement of their 
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technique its occurence theta' has been demonstrated 
by many workers,eg.Winge,(1935)and Delaporte,(1938). 
Following up this identification of deoxyribose 
nucleic acid in plant nuclei,reulgen et.al.(1937) 
prepared the substance in question from the isolated 
nuclei of rye germ,so proving beyond all doubt the 
presence of deoxyribose nucleic acid in plant cells. 
It had therefore become obvious that the terms plant 
and animal nucleic acids were no longer valid,nor the 
implied distinction correct,and the idea arose of 
deoxyribose nucleic acid being a true nucleic acid, 
nuclei 
that is,a universal constituent of the cell/.of both 
plantsand animals/as indicated by the work of r'eulge 
while ribose nucleic acid was regarded as a purely 
cytoplasmic substance and therefore not a nucleic 
acid in the original sense of the word. 
At about this stage in the shady of 
nucleic acids there arose the conception which was 
to influence all later work on the more physiological 
aspects of nucleic acid chemistry:this was the con- 
cept of nucleo ,i-proteins,whether of the deoxyribose 
or ribose type,forming self duplicating systems. 
This idea was a direct result of the discovery by 
Stanley (1935) that Tobacco mosaic virus could be 
obtained as a pure nucleoprotein,a disc ©trery which 
was soon followed by the isolation of several other 
plant and animal viruses,all of which were shown to 
b e,or to contain,ribose or deoxyribose nucleoprotein. 
It was this concept of nucleoproteins forming the 
self duplicating system of viruses which made the 
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way easy for CasperRpn's (1936,1939) claims that the 
chromosomes were composed of deoxyrtbose nucleo- 
proteins,as the analogy between genes an viruses 
had long been stressed (Iduller,1922). 
In recent years the presence of ribose 
nucleic acid in animal tissues has been confirmed 
by many different workers using as many different 
techniques. Claude (1939,1941) was the first to 
produce definite evidence of its presence in the 
cytoplasm of animal cells: he isolated mitochondria 
and secretory granules from a variety of tissues by 
a process of differential centrifugation and showed 
them to contain ribose nucleic acid,both by 
analytical methods and by isolation. Previously 
Behrens (1938) had isolated ribose nucleic acid 
from the separated cytoplasm of rye germ but this 
work by Claude showed conclusively for the first 
time the widespread occurence of ribose nucleic 
acid in the cytoplasmic granules of animal cells. 
Other evidence was soon forthcoming. Ribose 
nucleic acid was isolated from sheep liver (David- 
son and Ciaymouth,l944a) and from Calliphora larvae 
(Xhouvine and L+régoire,1944). It was shown to be 
present in a large number of tissues by estimation 
(Brachet,l94264Davidson and Waymouth,1944b),by 
ultra- violet spectraphotometry (Caspersion et al. 
1936 -1942) and by hist ®chemical methods (Brachet, 
1942b). On the basis of such work it now seems 
likely that ribose nucleic acid is a universal 
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constituent of the cytoplasm of animal cells and so 
'presumably of plant cells although evidence or the 
only 
latter has been presented in the case of rye germ 
-en.-y- (Behrens,1938) , of yeast (Delaporte,1938) and of 
root tip cells of SPIIdACIA (Caeterspn and Schultz, 
1940). 
Nevertheless,ribose nucleic acid is not 
now considered to be solely a cytoplasmic constit- 
uent. Un the contrary,much evidence,mainly of an 
indirect nature,has been advanced suggesting its 
presence in the nucleus,especially in the nucleolus.; 
Oasperson and Schultz (1940) were the first to claim 
that the nucleolus contained ribose nucleic acid, 
basing their claims on the absorption maximum of the 
nucleolus at 260972.which showed the presence of 
nucleic acid,while the negative 2eulgen stainin 
reaction indicated the absence of deoxyribose nucleic 
acid. this claim was simultaneously and indeperidantz 
ly put forward by Brachet (1940) on the basis of his 
histochemical test,which was also used by ..oskin 
(1945) with similar results. Davidson and "sraymouth 
(1946) partly supported the claims that the nucleois 
contained ribose nucleic acid using a combination 
of ultra -violet photography and of enzyme tech- 
niques but also suggested that the peripheral part 
of the nucleolus contained deoxyribose nucleic 
acid,as had previously been proposed by Jeshacha,- 
(1942). 
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This claim that the nucleolus contains 
ribose nucleic acid has been widely accepted by 
cytologists and geneticists and many complex thewr- 
ies relating to gene action have been built up on 
the assumption of its truth,especially theories 
relating the nucleolus to heterochromatin and to 
protein synthesis. Caspersen and his co- workers in 
particular have developed a highly speculative 
theory of nucleolar function based on this assumpt- 
ion. These theories have been summarised (Caspersson 
1947) -'A certain part of the chromatin,we call it 
the nucleolus associated chromatin,secretes sub- 
stances of a protein nature: there are very strong 
indications that they contain considerable amounts 
of diamino acids. These substances accumulate and 
form the main bulk of the large nucleolus. from 
the nucleolus they diffuse towards the nuclear 
membrane on the outside of which an Intense product- 
ion of ribose nucleic acid takes place. At the same 
time the amount of cytoplasmic protein increases.' 
Again Jchulta (1947), after stating that both the 
nucleolus and the heterochromatin contain ribose 
nucleic acid and histones,remarks 'This fact lies 
at the base of the theory that the heterochromatic 
regions have to do with cytoplasmic synthesis in 
general by way of precursors derived from the 
nucleoli.' These two statements show the import- 
ance attached by cytologists to the assumed ribose 
nucleic acid of the nucleolus. 
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nucleolus and the heterochromatin contain ribose 
nucleic acid and histones,remarks 'This fact lies 
at the base of the theory that the heterochromatic 
regions have to do with cytoplasmic synthesis in 
general by way of precursors derived from the 
nucleoli.' These two statements show the import- 
ance attached by cytologists to the assumed ribose 
nucleic acid of the nucleolus. 
The evidence for the occurence of ribose 
nucleic acid therein,however,is far from satisfactory. 
Ultra- violet spectrophotomutry can alone give little 
information but must be used in conjunction with 
some such histochemical test as that of 2eulgen. the 
rossibility of locating the exact position of deoxy- 
ribose nucleic acid in the nucleus by means of this 
test has,however,been severely questioned (Stedman 
and Stedman,1949) . Other staining; technique^ , such as 
.arachet's histochemical test,are of doubtful value 
as will be discussed later. 
A few determinations of the ribose 
nucleic acid content of isolated cell nuclei have 
been reported. The results of those are summarised 
in Table 1. These results have,however,in the main, 
been obtained incidentally to some other project and 
in many cases are of doubtful value. This is due 
firstly to unexpected errors involved in the estimat- 
ions based on the formation of furfural by the acid 
hydrolysis of ribose nucleic acid,and secondly to the 
use of impure nuclei. for instance,Schneider used 
the'nuclear fraction'from rat liver with a total 
nucleic acid content of 9.4; as against approximately. 
2'7 ¡o in the prepatations to be described later. The 
only values upon which any great reliance can be 
placed would appear to be those given by Vendrely 
(1948) and Davidson et aí.(1949) and it should be 
noted that this present work was practically completed 
before the latter results were published. 
Table 1. 
Author. d'issue. Total 
!..A. 
R.id.A.as 
















- 7 - 
Jensen 
sarcoma 
- 8.1 - 






liver, 9.4 - 1.51 
kidney, 11.0 - 0.84 








- 6.9 - 




- 3.3 - 
The present investigation was therefore 
undertaken with a view to determining the ribose 
nucleic acid content of nuclei isolated from as 
many different types of tissue as available using 




Estimation of Ribose _;ucleic aid. 
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INTRODUCTION. 
Theoretically,nucleic acids may be 
estimated by any of the following methodsr 
1. Estimation of nucleic acid phosphorus. 
2. Estimation of nucleic acid purines or pyrim- 
idines. 
3. Estimation of nucleic acid sugar. 
Of these methods (1) is the simplest but is ppen to 
criticism in that both ribose and deoxyribose nucleic 
acid contain phosphorus so that a satisfactory 
procedure must involve a quantitative separation of 
the two acids. The method of áchmidt and 'Thann- 
hauser (1945) is of this type and depends on the 
alkaline hydrolysis of ribose nucleic acid to acid 
soluble products under conditions in which deoxy- 
ribose nucleic acid is unattached. _it first sight 
this method did not appear suitable for the present 
problem which was likely to involve the estimation 
of small amounts of ribose nucleic acid. 
Method (2) was not considered further 
owing to the unreliability of the methods available 
for the separation and estimation of purines and 
pyrimidines. Ouch a method,however,had previously 
been used by Schmidt and Levene (1938) . 
The last possibility,the estimation 
of the sugar- ie.ribose - seemed the most promising 
method as it was both sensitive and specific in that 
deoxyribose nucleic acid could not interfere. aany 
methods were available for the estimation of ribose 
nucleic acid by sugar determinations as for example 
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the various modifications of Bial`s orcinol reaction 
(Dische and Schwart2,1937; Mejbaum,1939; Schneider, 
1945) or the phioroglucinol reaction of Iuler and 
Hahn (1946). The most suitable method appeared to be 
the acid hydrolysis of ribose nucleic acid to give 
furfural which could then be estimated by the well 
known colour reaction with aniline acetate. 
'An such methods had recently been 
described -by Brachet (1942a) and by Davidson and 
íaymouth (1944b). The two methods differed greatly 
in detail,however. Brachet used strong sulphuric 
acid as the hydrolysing agent and carried out a 
simultaneous hydrolysis and steam distillation in the 
apparatus of Bailey (1937) before estimating the 
furfural in the distillate by its colour reactioñ 
with aniline,according to Hoffman (1927). Davidson 
et al.on the other hand,hydrolysed under the condit- 
ions of Jeeves and =Munro (19404 with hydrochloric 
acid in the presence of xylene: the furfural was 
estimated in the organic solvent,again using the 
method of .eves and iunro. The method of Brachet 
appeared to be difficult to control. accurately, 
while that of Davidson et al.- suffered from the 
disadvantage of carrying out the furfural estimation 
in an organic solvent in which the colour developed 
is unstable,and which also takes up dark coloured 
materials formed by hydrolysis of eny carbohydrates 
present. For this reason ives and ..:unro found it 
necessary to distill the xylene solution of furfural 
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carefully in vaacuo when carbohydrates other than 
pentoses were present. The use of hydrochloric acid, 
however,appeared definitely advantageous as the 
experimental conditions are easily controlled. The 
method was known moreover,from the work of Reves and 
,unre,to give reliable results with free pentoses. 
It was cdecided,therefore,to combine the 
methods of Brachet and of Davidson by hydrolysing 
with hydrochloric acid yet separating the furfural 
from other products by steam distillation after the 
hydrolysis was complete. A difficulty inherent in 
the method was the instability of the colour pro- 
duced by the condensation of furfural with aniline 
acetate. phis was partly reduced by the use of 
aqueous solutions and obviated entirely by the use of 
the reagent of Roe and Rice (1948) in which the 
colour is stabilised by development in the presence 
of excess thiourea as an anti -oxidant. 
In the early stages of this work it 
appeared that no separation of the nucleic acids 
such as that carried out by Davidson and Waymouth 
(1944b) or by Euler and Hahn (1946) would be necess- 
ary prior to estimation owing to the relative 
simplicity of the material under investigation - 
isolated cell nuclei consistihg,for all practical 
purposes , of deoxyribose nucleic acid (30 ¡0 -40 ) ,basic 
protein (200 -30;0) and chromosomin (30 ¡0 -50¡x) . In the 
course of the preparation of the cell nuclei (see 
section B) any pentose containing compound of low 
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molecular weight would be eliminated,so interference 
from that source was unlikely. As will be described 
later,however,a preliminary separation of ribose 
nucleic acid from deoxyribose nucleic acid was found 
to be necessary because of an unsuspected effect of 
the latter on the estimation. 
in the course of the work an examination 
of Brachet's method was carried out. 
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Eä:PER Iti',11TAL 
ESTIMAATIOI: OF FREE î URF+URa. 
As a preliminary to using the proposed 
method for the determination of ribose nucleic acid, 
the suitability of the colour reagent for the estim- 
ation of furfural itself was investigated. The 
following reagents were used. 
2Uî FU1AI. .D. . 'specially purified' furfural was 
freshly distilled in vacuo in an all -glass apparatus 
and the colourless distillate dried over _;a2 SO4 . 
Solutions in water of the requisite concentration 
were prepared from this dry material. 
ANI1JI1E.This was distilled in 25nl.portions from 
zinc dust and the distillate kept at O'C in a dark 
bottle. 
ACETIC ACI..Glacial acetic acid 'Analar_'.quality was 
purified by refluxing for three hours with 2u of 
chromic oxide and was then distilled. 
TRIO 3i A.'l'his was twice recrystallised from water. 
ANI IfE ACETATE REAGET. 2m1. aniline were dissolved 
in ZOOml.glacial acetic acid previvasly saturated 
with thiourea. Roe and Rice stated that the use of 
aniline acetate sometimes gave rise to brown colours 
in the estimation of pentoses in tissue extracts 
and therefore recomended the use of p- bromoaniline 
in place of the simple base. In the present 
investigation it was found that the yellow -brown 
colour was due to the use of insufficiently purified 
acid and could be compleyely avoided by 
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purifying it as described above. 
I,ETHOD. A 5m1. aliquot of the solution containing 
furfural,in a concentration of 5 -15pg /ml,was treated 
with 30ml.of the aniline acetate reagent in a loose 
stoppered tube and une mixture heated at 70'Cí 270 
for 15 minuted. It was then cooled under the tap 
and incubated at 37'0 in the dark for 45 minutes, 
cooled to room temperature,stood in the dakk for 15 
minutes and its extinction measured in the Spekker 
Absorptiometer using a 'Spectrum Green filter (520 
my.) and a 4cm.light path. 
In very cold weather it was advisable 
to warm the Spekker cells slightly to avoid cooling 
the solutions toostrongly,otherwise thiourea tended 
to crystallise out during the estimation. 
The results obtained with furfural are 
shown in Figure 1,which indicates the suitability of 
the method. It was accordingly used in subsequent 
experiments for the determination of furfural in 
steam distillates. 
It was sometimes advantageous when estim- 
ating more concentrated solutions of furfural (25 -100, 
fig. /ml.) to use a lcm.light path in the Spekker 
Absorptiometer. In such circumstances a 2ml.aliquot 
of the solution was treated with 10ml.aniline acetate 
reagent in the above manner,the results being read 
from the appropriate calibration curve. 
-F uft fultu_ Cft IDAfl îçrr CuRK,S -. 
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EFFICIENCY O'_STTE M DISTIIÏÀTION. In the estimation 
of ribose nucleic acid it was necessary to separate 
the furfural from the other hydrolysis products by 
steam distillation. .3rachet,in his method,collected 
only 15ml.distillate and claimed quantitative recov- 
ery of furfural. The efficiency of the distillation 
was shown as follows. 
0.114mg.Purfural made up to 50ml.water- Spekker 
TT distilled to 50m1. 
T distilled to 25ml. IT 
0.228mg.Furfural made up to 50m1. 
distilled to 50m1. 










It was obvious from the above results that furfural 
could be quantitatively recovered by steam distill- 
ation of only 25ml. The distillation was carried 
out at such a rate that 25ml.slightly warm distillate 
was collected int3 -4 minutes. 
:STIL JATION OF RIBOSE NUCLEIC ACID. The applicabilit 
to the determination of ribose nucleic acid of the 
furfural method described above was examined on a 
solution of this substance. 
Ribose nucleic acid (B.D.H.) was 
purified by suspending it in water and adding the 
minimum quantity of N1a2 003 necessary to effect 
solution. It was then purified by the addition of 
glacial acetic acid according to the method of 
Kunit. (1940) and dried with alcohol and ether. 
Analyses of this specimen after drying over P20j, 
in high vacuum gave the following results 
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N - 16.45¡0 P - 9.09% N/P - 1.70. 
From this material,dried for three days as in the 
above analysès,standard solutions of suitable concen- 
trations were prepared. These were treated as 
follows. 
A 3ml.aliquot of a suitable solution 
was hydrolysed under reflux with 3ml.of exactly 7N 
HC1 for 2i hours in a boiling water bath. The sol- 
ution was cooled,the condenser rinsed,the hydrolysate 
made just alkaline to methyl orange with 6N NaOH and 
immediately distilled in an all -glass apparatus under 
the conditions described above,the volume of the 
distillate being adjusted ti exactly 25ml. A suit- 
able aliquot of the distillate,normally 5m1,was 
taken for furfural estimation as described on p.16. 
The results are shown in Figure $,in 
which the extinction is plotted against the weight 
of ribose nucleic acid present in the 3ml.aliquot 
employed. It is evident from this figure that the 
extinction is directly proportional to the weight of 
ribose nucleic acid present and it is therefore con - 
conditions 
eluded that under the chosen the method 
is suitable for the determination of small quantities 
of pure ribose nucleic acid in solution. 
EFFECT OF DEOXYHIBOSE NUCLEIC ACID. As the object in 
view was the application of this method to the 
determination of ribose nucleic acid in isolated cell 
nuclei,the possibility of recovering added ribose 
nucleic acid from such nuclei was examined. 2or this 
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this purpose a solution containing 2.2mg. ribose 
nucleic acid was added to 100mg. dyr nuclei from 
calf thymus gland and the mixture hydrolysed and 
steam distilled under the conditions described above. 
The experiment was carried out in duplicate and in 
each case gave a yield of 6.93mg.ribose nucleic acid. 
The recovery of the nucleic acid was thus only about 
40;0 of the added material. 
The most likely explanation of this 
discrepancy was that some material present in the 
nuclei was either inhibitingfthe production of fur - 
fural,or combining with it once it was formed,and 
preventing its estimation. rroteins or their 
hydrolysis products seemed a likely source of error, 
but the addition of histone or a#e amino acids to 
the ribose nucleic acid estimations had no effect. 
.Deoxyribose nucleic actd,however,was shown to have a 
definite effect on the estimation of ribose nucleic 
acid (R.TT.A.) . 1.59mg.R.N.A. estimated in the 
presence of 30mg. deoxyribose nucleic acid (D.R.N.A.) 
gave a recovery of only 0.83mg.R.N.A. A slight 
inhibition was also noted on adding chromosomin to 
an estimation. This was small enough,however,to be 
due entirely to traces of D.R.T.A.,ammounting to not 
more than 1.8;J,in the specimen of chromosomin used. 
It was obvious,therefore,that the 
inhibitory effect of cell nuclei in the estimation 
of ribose nucleic acid was due to the presence of 
deoxyribose nucleic acid,or more probably,of one 
of 
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its hydrolysis products. This latter possibility was 
further supported by the following experiment. 
Ribose nucleic acid and deoxyribose nucleic acid 
were hydrolysed separately and steam distilled in the 
usual manner, sufficient deoxyribose nucleic acid 
being used to cause a 60 inhibition of furfural 
production when the two acids were hydrolysed to- 
gether. On mixing the distillates and estimating the 
furfural only a small diminution (12 r») of the appar- 
ent furfural content was noted - 
Equal volumes of R. :.A.hydrolysate and water -- 
0.75mg.I .N.A. 
Ecual volumes of c:.Iv.A.hydrolysate and D.R.1.A. 
hydrolysate - 0.66mg. Q.N.A. 
This suggested that the inhibitory 
action of deoxyribose nucleic acid occurred mainly 
during the hydrolysis , p robably by some volatile 
intermediate of the deoxyribose nucleic acid hydrol- 
ysis combining with the furfural and rendering it 
non- volatile,or in some way unreactive with the 
aniline acetate reagent. 
átacey et al.(1946) suggested that 
W -hydroxylaevulinic aldehyde was an intermediary in 
the hydrolysis of deoxyribose nucleic acid. It 
seemed likely,therefore,that such a substance might 
well combine with furfural and so render it unweact- 
ive. liethoxylaevulinic aldehyde dimethyl acetal was 
prepared by methanolic HC1 hydrolysis of furfuryl 
alcohol, according to Zurrlimerer (1935) . On the add- 
ition of this acetal to ribose nucleic acid 
an 
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inhibition of furfural production on hydrolysis 
wac ncted - 1. ̂  7mg.R.N.A. taken ; O.59mg.R.U.A. 
recovered in the presence of 150mg. acetal. This 
indicated that the free hydroxylaevulinic aldehyde, 
which is formed on the acid hydrolysisfof the acetal, 
could interfere with the estimation of ribose 
nucleic acid, and so gave a probable explanation of 
the previously unrecognised inhibitory effect of 
deoxyribose nucleic acid on the formation of furfur- 
al from ribose nucleic acid. 
The mechanism of the inhibitory action 
of deoxyribose nucleic acid on the furfural form - 
ation,which was subsidiary to the main problem of 
this investigation,ras not examined further. The 
fact that deoxyribose nucleic acid produced such an 
effect was suf icient to render the proposed method 
for the estimation of ribose nucleic acid in cell 
nuclei inapplicable in its simple form. 
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BRACHET' S TJTHOD. 
In view of the difficulties encountered 
in the application of the simple method to the 
determination of ribose nucleic acid in complex 
mixtures,it was decided to investigate Brachet's 
procedure (1942) for this purpose. According to 
Brachet's results,this gives remarkably accurate and 
consistant results when applied to pure ribose 
nucleic acid,the yield of furfural corresponding 
almost exactly to its total content of ribose. This 
is contrary to expectation,for,according to current 
views,only 50ó of the ribose should be liberated, 
and therefore made available for the production of 
furfural during hydrolysis. It was thought that the 
drastic hydrolytic procedure used by Brachet might 
be responsible for this peculiarity in his results. 
There also seemed to be a possibility that the 
removal of furfural continuously,as it was formed in 
the hydrolysis mixture,might prevent the destructive 
effect of deoxyribose nucleic acid. 
PURFURAL ESTIMATION. With pure solutions of furfural, 
the development of the colour with the aniline 
acetate reagent used by Brachet was satisfactory. 
Thus 6m1. of a solution of furfural were treated 
with O.5ml.aniline and 4ml.glacial acetic acid. The 
develor.ement of colour was followed in the Spekker 
Absorptiometer using the 'Spectrum Green' filter. It 
developed rapidly,reached a maximum at 25 minutes 
and remained constant for 10 minutes before galling 
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slowly and linearly. 
Figure 2 shows a calibration curve 
prepared from a standard furfural solution using the 
above method and reading the colour intensity 30 
minutes after mixing. The method appears to be 
satisfactory and is much more sensitive than the 
method previously described,estimating between 41g. 
and 10ig.furfural in ôml. It is of interest that the 
the arrwunt of f ur f urn/ and He 
relationship betweenpolour intensity (Fig.2) is not 
strictly linear,as it is in the method of Roe and 
Rice (Fig.l). An unsatisfactory point in the estim- 
ation,however,is that the solutions are slightly 
turbid,presumably due to an excess of aniline,a fact 
which cannot enhance the accuracy of the method. 
i STIL1ATIO 1 OF RIBOSE NùCLEIC ACID. In this the 
hydrolysis was carried out exactly as described by 
Brachet,but the furfural was estimated by the method 
described in the previous section rather than by 
Brachet's own method. 
A convenient amount of ribose nucleic 
acid was hydrolysed with 3ml.RIS04,35¡o,saturated 
with ì SO4 and containing ZnSO4,4). Simultaneous 
hydrolysis and steam distillation was carried on 
for 25 -30 minutes,the hydrolysate being allowed to 
concentrate during the last 10 minutes so that 1í4SO4 
crystallised out. 25ml.distillate,which was strong- 
ly acid to litmus,was collected and the furfural 
estimated as usual. Accurate control and duplicat- 
ion of the conditions was very difficult. The 
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following are typical yields of furfural from ribose 
nucleic acid - 
(1) 15.7,x, (2) 14.2; (3) 10.5% 
The theoretical yield,assuming hydrolysis of both 
purine and pyrimidine nucleotides,is 29.4¡,or 14.7% 
for hydrolysis of the purine nucleotides only. The 
above are apparently normal yields of furfural but 
several very low valueslin which the yield was only 
about 5%,were obtained under what appeared to be 
identical hydrolysis conditions. The value of 15.7% 
is the maximum yield urfural obtained in the 
present investigation. 
was apparent that the method as 
described by Brachet could not give reliable results 
Before discarding it,however,a modified method was 
investigated. 
A lml.aliquot of the solution under 
investigation was si_ultaneousl3r hydrolysed and 
steam distilled with 3m1.H2SO4 saturated with Z2,8O4 
Hydrolysis was continued for about 40 minutes, the 
temperature of the reaction mixture being kept 
flog+ 
constant at 160TC in an oil bath ; the rate of steam 
was adjusted so that the volume of the hydrolysate 
remained constant. 50ml.distillate was collected 
and a suitable aliquot ta'en for the furfural estim- 
ation in the usual method. 
Figure 5 shows a calibration curve 
prepared from ribose nucleic acid by the above 
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method. 
The method was apparently quite success - 
titoz 
fial for pure ribose nucleic acid but once againXribose 
nucleic acid had an inhibitory effect. This is shown 
in Figure 6 where the effect of varying amounts of 
deoxyribose nucleic acid on the estimation of 2.45mg. 
ribose nucleic acid by the above method is indicated. 
The results show no obvious relationship between the 
,amount of deoxyribose nucleic acid and the degree of 
,inhibition, the effect being apparently random. It 
was obvious,however,that the method was of no value 
in the problem under investigation. 
Attempts were made to destroy the 
deoxyribose nucleic acid by preliminary incubation 
with 11 SO4 at 37'0 before hydrolysis. The method 
proved to be unreliable although some degree of 
success was obtained. 
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FINAL LIETHOD. 
The failure of Brachet's method to prevent, 
the destructive action of deoxyribose nucleic aci d 
on furfural appeared to leave only one solution to 
the problem,namely the complete removal of deoxy- 
ribose nucleic acid from the material under investig 
ation. An apparently suitable method had been 
described by Schmidt and i'hannhauser (1945). This 
depends on the difference in stability of the two 
acids to warm alkali. If material such as dried 
tissue containing both nucleic acids is digested with 
alkali the ribose nucleic acid is hydrolgsed 
completely into products not precipitated by the 
addition of hydrochloric acid4mLtrichloracetic acid 
whereas deoxyribose nucleic acid remains unchanged, 
or at least yields products which are so precipitated. 
In using this procedure it was considered advisable 
to omit trichloracetic acid from the precipitating 
agent in view of the possible destructive action it 
might exert on the furfural formed. The complete 
procedure developed is as follows - 
á suitable quantity of the substance 
containing, ribose nucleic acid was digested for 18 
hours at 37'0 with 2m1. rL :SOH in a graduated centbfuge 
tube,the whole of the material passing into solution 
during the first two hours. The resulting clear 
solution was acidified with 0.4m1.61I HC1 which 
precipitated any deoxyribose nucleic acid and protein 
present as a sticky mass. After standing for 
30 
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minutes at 0'C the volume was made up to 4ml.with 
O.1N HC1 and the dense precipitate removed by centri- 
fuging for 10 minutes at 3000 r.p.m. The clear super 
natent was decanted off from the compact precipitate 
and a suitable aliquot,normally 2m1,taken for the 
estimation of ribose nucleic acid as described on p.17 
Figure 7 shows a calibration curve 
plotted from results obtained by this method with 
ribose nucleic acid alone. In the presence of a 
Of dozer - ost nucleic acid, 
relatively large excessñabout 50mg,X a small but const- 
ant inhibition of furfural production occurred,as 
shown by the lower curve in Figure 7. 
It should be mentioned that the deoxy - 
ribose nucleic acid used in the preparation of the 
above curve was obtained from herring sperm by 
Neumann's method,as described by Jones (1914). It 
was free from ribose nucleic acid bmt contained 
traces of protein. 
The slight lowering of the ribose 
nucleic acid curve in the presence of deoxyribose 
nucleic acid suggested that the separation of the 
two acids was not complete. The presence of deoxy - 
ribose nucleic acid in the final centrifugates used 
in the estimation was,in fact,confirmed by the use 
of Dische's test with diphenylamine. In each case a 
faint but definite blue colour of approximately the 
same intensity was produced. This indicated that 
the incomplet* precipitation of the deoxyribose 












medium used. A similar conclusion can be drawn more 
convincingly from the calibration curves in Figure 7. 
Prom these results it would appear that the method 
described above,involving the removal of deoxyribose 
nucleic acid,could be used for the determination of 
ribose nucleic acid in cell nuclei,provided that 
allowance was made for the destructive effect on the 
furfural of the small but constant amount of de0xy- 
ribose nucleic acid remaining in the centrifugate - 
that is,providing that the lower calibration curve 
in Figure 7 were used for calculating the results. 
*hen,however,the method was actually applied to cell 
nuclei it was found that the deoxyribose nucleic 
acid evnt.ent of the latter differed from the 
Neumann preparation used in the above experiments in 
that after digestion of the nuclei with alkali it was 
so completely precipitated from solution on acidif- 
ication that the supernatant failed to give a trace 
of colour with Dische's reagent. The upper of the 
two calibration curves was therefore employed in 
calculating the results. 
It appeared advisable to check the 
completeness of the hydrolysis of ribose nucleic 
acid under the above conditions,as Keeves and idunro 
(1940) obtained l00;ó conversion of xylose to furfur- 
al in boiling 3.5N H01 only after 2.5 hours. Figure 
4,however,shows that the hydrolysis of ribose 
nucleic acid to furfural is complete in 2 hours,no 
further production of furfural occuring even 
after 
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3 hours. This difference between free xylose and 
ribose nucleic acid is probably due to the liberation 
of the ribose in an unstable form which is more 
rapidly converted into furfural. 
The method described above therefore 
seemed suitable for the estimation of small amounts 
of ribose nucleic acid in cell nuclei ; recovery 
experiments were performed and it was found that 
9lcp -935o of added ribose nucleic acid could be recov- 
ered from isolated nuclei using this procedure,which 




One possible defect in the method just 
described for the determination of ribose nucleic 
acid in tissue 1 re rara:tions is its lack of specificity 
for ang substance yielding a pentose on hydrolysis 
must theoretically be capable of giving rise to 
furfural under the conditions employed. Compounds of 
this type occuring in the animal body are,however,rare. 
Apart from traces of pentoses,they seem to be represen 
-ted chiefly by the co- enzymes and the prosthetic 
groups of certain of the yellow enzymes. It is very 
improbable that these occur in more than trace 
amounts in the nucleus. Nevertheless it cannot be 
excluded that a portion of the furfural yielded by 
cell nuclei on hydrolysis finds its origin in sources 
other than ribose nucleic acid. 
Other compounds,including a variety of 
glucuronic acid derivatives,and,according to Brachet 
(1942),glycogen yield furfural on acid hydrolysis. 
It therefore seemed desirable to determine the yield 
of furfural from such compounds. The results obtain - 
ed are collected in Table 2. As indicated,some of 
the estimations were made without,and others with, 
preliminary incubation with alkali. The results 
are expressed in two ways, firstly as yield of fur - 
fural as a percentage of the theoretical,and secondly 
as the ribose nucleic acid (R.N.A.) equivalent,which 
is defined as the number of milligrams of the sub- 
stance producing the same amount of furfural as lmg. 
31 
ribose nucleic acid. The R.N.A.equivalent is thus a 
measure of the interference brought about by the 
substance in question,the higher the value the less 









































The values indicated above show that 
under the experimental conditions adopted only the 
glucuronic acid derivatives,and of course co- enzymes, 
are likely to cause any serious interference. 
Deoxyribose nucleic acid (1),which was 
prepared from thymus glands by Gulland's method,(,see 
Gulland et al.1947),gave a small yield of furfural. 
This was almost certainly due to contamination with 
ribose nucleic acid. Deoxyribose nucleic acid (2), 
a Neumann preparation from isolated herring sperm 
heads,gave,on the other hand,no furfural. 
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DISCUSSION. 
The method described gow would appear 
to provide a satisfactory estimation for ribose 
nucleic acid in the presence of proteins and of deoxy- 
ribose nucleic acid. For pure ribose nucleic acid 
the method has an accuracy of not less than -t 3 but 
in the presence of deoxyribose nucleic acid under the 
conditions existing in cell nuclei the figure falls 
to about-1"T». Some of this loss of accuracy is 
doubtless due to the nature of the precipitate 
obtained on acidification of the alkaline digest,and 
this loss could be avoided to some extent by redis- 
solving and reprecipitating this precipitate. 
It is usually assumed that the moder- 
ackd 
ately prolonged treatment with hot alkali necessary 
to produce furfural from pentose containing compounds 
causes an appreciable destruction of this substance. 
Reeves and :ïunro (1940),for example,claimed that this 
destruction could be completely obviated by carrying 
out the hydrolysis in the presence of xylene. The 
'solvent was supposed to trap the furfural as fast as 
it was formed/and to protect it from destruction in the 
aqubus phase. Since,however,the partition co-effic- 
ient of furfural between 3.5IT HC1 and xylene at 100'C 
is,accordin`; to Reeves and l'ïonro, 0.39 it seems clear 
that the protective action of xylene can by no means 
be complete for an appreciable amount of the furfural 
formed at any point in the experiment would be present 
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in the acid phase and hence be susceptible to destruct 
ion. nevertheless ieeves and Monro succeeded in 
obtaining theoretical yields of furfural fromiylose, 
a result which appears to contradict the view that 
some destruction normali: occurs during the hot acid 
treatment. she action of O1 on furfural under the 
conditions used (p.17) for the estimation of ribose 
nucleic acid was therefore examined. fiat alituot of 
a standard solution of furfural was heated on a boil- 
ing water bath with .3.5 :,"í3C1 for various periods of 
time,the contents of the flask steam distilled in the, 
usual manner and the furfural content: of the distill- 
ate determined by comparison with the original 
standard solution. During the first two hours there 
was an apparent destruction of furfural amounting to 
13.5íp but the same result was obtained i- -she heat- 
ing was prolonged upjto 3.5 hours. It was clear that 
if 13.5jò was destroyed in the first two hours this 
destruction should have continued Burin: the sub- 
sequent 1.5 hours. That it did not do so is diffic- 
ult to explain except on the basis that the furfural 
used was contaminated with other material. urfural 
is notoriously difficult to purify and it is con - 
cievable that an impu$ity was present in it which, 
during the first 2 hours of treatment with HCl,com- 
bined with and so caused the loss of a portion of the 
furfural. 
The -possible destruction of furfural 
during hydrolysis of ribose nucleic acic. is,hol7eVer, 
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without influence on the method for he estimation of 
the latter used in this investigation. The results 
are calculated from the upper curve in =iig.7 which 
shows that under the conditions employed the amount 
of chromogenic material,presumably furfural,produced 
from ribose nucleic acid is directly proportional to 
the weight of the latter substance. 
EL'_'ECT 02 O Y_LIü i2 1P CLEI0 CIS. 
The inhibition of the production of 
furfural from ribose nucleic acid by deoxyribose 
nucleic aiid,or more probably the combination of the 
furfural with some déoçjribose nucleic acid hydrolysis 
product,os of great importance and does not appear 
to have been noted previously. Time was not avail- 
able for a complete investigation of the effect but 
the experiments described in the experimental section' 
suggest that it may be due to the combination of the 
furfural with some substance of the nature of 
by roxylaevulinic aldehyde to give a non- volatile 
complex. although the addition of methoxylaevulinic 
aldehyde dimethyl acetal to a ribose nucleic acid 
estimation gave an effect similar to that caused by 
the addition of deoxyribose nucleic acid,it is impor- 
tant to note that the acetal,or the parent aldehyde, 
has not been shown to be formed during the hydrolysis 
of deoxyribose nucleic acid. Stacey et al.(1946) 
showed that methanolic ICl hydrolysis of deoxyribose 
gave the acetal only under very vigorous conditions; 
because this acetal gave strongly positive 
jische 
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and Feulgen reactions,they claimed that the parent 
aldehyde was formed in the normal hydrolysis of 
deoxyribose nucleic acid. The conditions employed by 
Stacey,however, were so different from those used in 
the normal hydrolysis of deoxyribose nucleic acid - 
0.1,; absolute muthanolic HC1 as against 12, aqueous 
HC1 - that it is very difficult to attach much 
significance to these claims. Pummerer et al. 11935) 
ckim d, 
Ahowever,that hydroxylaevulinic aldehyde was an inter- 
mediary in the formation of laavulinic acid from 
bi 
hexoses and Ls this acid is also formedAthe HCl 
hydrolysis of deoxyribose nucleic acid,Stacey's 
claims may be not entirely groundless. 
To whatever the effect if due,it is 
obviously of considerable practical importance. Table 
3,columns 1 and 2,shov^ the results of estimations on 
nuclei before and after separation of the two acids, 
while column 3 shows the yield before separation 
expressed as a percentage of the correct value. The 
magnitude of the effect is obviously considerable 
and shows the needs of careful interpretation of any 
results of ribose nucleic acid estimations by fur - 
fural production in methods not involving at least a 






separatn. /ó Yield. 
Ox liver nuclei, 2/48 0.68 1.1 ¡? 62 
3/48 0.62ío 1.0 62 
Ox thymus nuclei,a.O /451 0.34'A 0.83 41 
3/48 0.58 1.3 ,,- 45 
Ox spleen nucleill /,46. t 0.49¡ 0.70; 70 
10/47. O.64,6 l.ljo- 58 
It is important to note that in the 
material under investigation the R.N.A. /D.R.N.A.ratio 
is small,ef the order of 0.05,while in whole tissue 
the ratio is much larger,often being greater than 
unity. Under such conditions,as in some of the 
estimations reported by Davidson (1947a),the effect 
may not be so important although Figure 6,showing the 
effect of varyin_: the amount of deoxyribose nucleic 
acid on a ribose nucleic acid estimation by the 
modified Brachet meth©d,duggests that the inhibition 
is significant over a wide range of values for the 
ratio R.N.A. /D.R.N.A. 
With regard to other furfural- yielding 
substances,apart from co- enzymes or mucoproteins,ne 
substance is likely to be present in sufficient 
amount to cause interference. Glucuronides are un- 
likely to be present to sufficient concentration and 
glycogen could only interfere if present in impossib- 
ly large amounts. There is no reason to believe 
that 
deoxyribose nucleic acid could give rise to furfural, 
as is indicated by the experiments with herring 
sperm 
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nucleic acid,prepared by I.eumann's method. The 
production of furfural from a specimen of thymus 
nucleic acid,prepared by Gulland's method is doubt- 
less due to the presence therein of traces of ribose 
nucleic acid - as the material is prepared from 
whole glands contamination with cytoplasmic ribose 
nucleic acid is not at all unlikely. 
As is indicated in the experimental 
section,:,rachet's method did not yield satisfactory 
results ; one of the most important factors is no 
doubt the difficulty of controlling exactly the 
conditions, even in consecutive determinations,as in 
the more readily controlled modified method the 
duplication of results was much easier. Another 
factor is the pronounced acidity of the distillate. 
.12his makes the coloktrimetric estimation of furfural 
very unreliable,as was stressed by Hoffman (1927) 
who took extreme precautions to ensure the neutrality 
of the distillate. 
Even allowing; for the lack of precision 
of the method,no explanation can be offered for the 
great discrepancies in the yield of furfural from 
ribose nucleic acid as reported by Brachet,anc_ the 
values given in the previous section. Brachet claim- 
ed that under his conditions both purine and pyrim- 
idine nucleotides were hydrolysed,giving 29.4 ¡0 yield 
of furfural. Carryin; out the determinations exactly 
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as reported the maximum yield obtained in this work 
was 15.7 ;u : that is,apparently only the purine 
nucleotides were yielding furfural,as 13 known to be 
the case with 3.5H HCl hydrolysis. :do explanation 
can be given for this discrepancy. 
she modified method described would 
appear to be a considerable improvement on the older 
method: in that concordant results are readily obtain- 
ed. As might be expected,the yield of furfural is 
again l4;J - 15,x. Ho attempt was made to develop the 
method as it is very sensitive to the presence of 
deoxyribose nucleic acid,as shown in Pig.6,and poss- 
esses no advantages over the more readily controlled 
hydrochloric acid method already described. 
SECTION B. 
Ribose Nucleic Acid in Cell Nuclei. 
5y 
II TRO.i)ULTIOl . 
îßs pointed out in the :.eneral intro - 
duction,few estimations of ribose nucleic aci(. in 
isolated cell nuclei have been reported, the avail- 
able figures being given in Table 1. Owing to the 
general acceptance of the view,based mainly of cyto- 
logical evidence,that ribose nucleic acid occurs in 
the nucleolus it appeared important to determine as 
accuratIly as 1possible the content of that substance 
in the nuclei isolated from as many different tissues 
as were available. 
the present section is therefore con- 
cerned with the isolation of normal cell nucleifrom 
various sources and the determination of their 
ribose nucleic aciJ content by the method described 
in the previous section. _ìiî extension of the work 
to regenerating cells is described in the following 
section. 
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I 3 OILA T I :)IT 0i IT UC .uL I. 
The methods used for the isolation of 
cell nuclei depend on their nature and mode of 
occurrence. such methods can conveniently be divid- 
ed into three groups according to the source of the 
desired nuclei in (1) fish sperm,(2) nucleated 
erythrocytes and (3) glandular or similar tissue. 
Each method will be described separately. 
FIái ritLL)b. 
The method employed is essentially that 
described by i,iiescher (1897) for salmon sperm. Fish 
spermatozoa contain little cytoplasm ; uney consist 
mainl-, of a head,vhich is almost entirel,r formed of 
nuclear material,and a tail of cytoplasmic origin. 
In the fish this tail is very fine and easily removed 
but in mammals,on the other hand,the tai7Jis a more 
massive structure and more resistant to damage (cf. 
Zittle and 2]itin,l942) so that it is doubtful if the 
procedure used for the isolation of fish sperm heads 
would be applicable without modification to the pre- 
paration of mammalian material. 
In the present work sperm heads from 
the salmon,herring and cod have been prepared by an 
almost uniform procedure, The testis,obtained during 
the spawning season,and so containing ripe sperm,are 
disintigrated by mincing ; the resulting pulp is , 
suspended in several times its own volume of water 
and stirred vigorously with a mechanical stirrer. The 
suspension is then strained firstly, if necessary, 
through a relatively coarse strainer and finally 
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through four layers of muslin. In this condition the 
spermatozoa cann ®t be readily centrifuged down but by 
making the suspension just acid to litmus with dilute 
acetic acid and allowing it to stand for some time, 
sedimentation takes place readily. The sperm heads, 
indeed,show signs of sedimenting without centrifuging. 
At what stage the tails are lost is not 
certain. :Ascher was of the ppinion that the acetic 
acid actually dissolved them. To the author it seems 
more probable that they are detached during the minc- 
ing and stirring. In any case,the sediment of sperm 
heads is still contaminated with imputity,presumably 
in part consisting of,or derived from,the tails. This 
is removed by fractionally centrifuging the material. 
The sperrp heads are resuspended in water maintained 
faintly acid to litmus with acetic acid,and the sus- 
pension centrifuged at the lowest requisite speed. 
The supernatant,which is faintly furbid,is rejected 
and the process repeated on the sperm heads until, 
after centrifuging,the supernatant is perfectly clear. 
Photomicrographs of salmon sperm heads 
as they appear at this stage of preparation,after 
stainin; with methylene blue,are shown in Plates 1 
and 2. Por storage the heads are dried by long 
extraction with several changes of alcohol,at room 
temperature,before finally suspending in ether and 
filtering with suction. 
The above method is applicable tie 
.salmon and herring sperm without modification. Some 
PLATE I Salmon Sperm. Heads $C 700 
(Stained methylene blue.) 
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PLATE 2 Salmon Sperm Heads Y300 
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difficulty is,however,experienced in the preparation 
of cod sperm heads. This is due to the more complex 
structure of cod testes as compared with those of 
salmon an herring,resulting in the admixture ofjthe 
sperm heads with extraneous material. A contributory 
factor is the smaller size of the cod sperm heads 
which makes the separation of im- purities by fraction- 
al centrifugation difficult. In order to overcome 
these difficulties it is necessary to suspend the 
material obtained from the straining process in 40 
acetic acid and to stir the mixture vigorously. This 
treatment is repeated on the solid material obtained 
by centrifuging using 1;0 in place of .640 acetic acid; 
until the supernatant fluid is clear and the sperm 
heads appear to be homogeneous on microscopic exam- 
ination. As judged by the effect on herring sperm 
heads (see Stedman and Stedman,1947) such treatment 
does not alter their composition significantly. 
ERYTHROCYTE NUCLEI. 
Erythrocytes are peculiar amoAng cells 
in that they occur in the free state suspended in an 
aqlus medium,the plasma,which contains relatively 
few other formed elements. When they are nucleated, 
as in birds and reptiles,they therefore constitute 
a readily available souree of cell nuclei. Their 
peculiar mode of occurence combined with a high 
concentration of haemoglobin in their cytoplasm, 
necessitates the use of a special technique fott 
the 
isolation and purification of their nuclei. 
The first more or less successful attempt 
to isolate nuclei from avian erythrocytes was probably 
that of Ackermann (1904). she cells were laked by 
short contact with water to which a solution of TlaCi 
was added in amount sufficient to bring the salt 
content of the suspension fluid to that of physiologic- 
al saline. The nuclei were then centrifuged down and 
washed repeatedly with saline in order to remove 
haemoglobin. The whole process was repeated a number 
of times over the course of two days. There is no 
doubt that Ackermann's product consisted essentially 
of nuclear material but it is doubtful from his 
description of it whether individual nuclei were 
present. .ti repetition of this procedure'nas,indeed, 
shown that contact with water for a sufficiently long 
period to bring about complete haemolysis of the 
erythrocytes causes the nuclei to coalesce together 
until they fora a viscous stringy mass in which 
scarcely a single nucleus san be discerned under the 
microscope. 
Two other methods for laking erythro- 
cytes,namely repeated freezing and thawing,and the 
use of haemolytic agents such as saponine, -have come 
into common use. When applied to the isolation of 
nuclei,however,they suffer from the disadvantage 
inherent in all the methods,that is they fail to 
bring about complete haemolysis without prolonged 
action. There always appears to exist in preparat- 
ions of erythrocytes a fraction which is 
much more 
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resistant than the bulk to the haemolytic agent. 
In the present investigations nuclei 
were prepared from fowl erythrocytes by the following 
method. flood is collected by bleeding from the 
carotids and is allowed to flow onto a suspension of 
sodium oxalate (100mg.per bird) in saline with con - 
tinuous stirring. It is strained through a layer of 
muslin to remove any small clots that may have formed, 
the corpuscles separated from the rest of the plasma 
by centrifugin" and further purified by washing 
thrice with about three times the volume of saline. 
Laking is brought about by stirring the corpuscles 
c ontainín y 
with an eaual volume of saline Faa.ele 0.3j0 of the 
haemolytic agent (saponine or 'cetavlon'). After 
five minutes the nuclei and unlysed cells are centri- 
fuged down an_' washed with saline until relatively 
free from heamoglobin. At this stage a -layer of 
intact cells always collects at the bottom of the 
centrifugá tube. The product is therefore again 
mixed with an equal volume of the lysing agent and 
left overnight. This has been consistently found to 
live complete haemolysis while shorter periods of 
several hours duration have proved insufficient. The 
nuclei can now be freed completely from haemoglobin 
by repeated washing with saline after which a sus- 
pension of them in saline is strained through a 
layer of muslin to remove e few small masses of 
viscous and structureless material. The nuclei,after 
removal from the saline,are washed first with 
50¡o 
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alcohol,afterwards with alcohol of increasing concen- 
tration and finally with absolute alcohol. The latter 
usually removes an intense yellow pigment,presumably 
a caroténoid,and washing is continued until this has 
been completely extracted. The nuclei are then 
washed with ether an filtered by suction. 
As an alternative to washing with 50J 
alcohol to remove salt,the nuclei have in some pre- 
parations been washed with 1% acetic acid. This not 
only removes salt but also exerts a slight fixative 
action on the nucleus. 
When examined microscopically the nuclei 
prepared by the above method appear to be on the 
whole quite pure. There is,however,always 8 . pro- 
portion of nuclei present to which minute fragments 
of non -staining material can be seen adhering. This 
presumably represents part of the stroma of the cells 
which has not been completely removed during the 
preparation. It is probable that,although there is 
no evidence for this,the viscous and structureless 
material removed by straining contains much of the 
stroma. 
GLA NIAJLAR NUCLEI. 
The method used for the isolation of 
nuclei from glandular and similar tissue is one which 
has been used by Stedman and Stedman (see eg.1947) 
since 1943. It was evolved from that of Stoneburg 
(1939) which,in its turn,was based on the observation 
by CRossmon (1937) that when tissue cells are treated 
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extra_ :eel 
with 5 ¡o citric acid the nuclei are cxtractcd from them. 
Stoneburg finely minced tissue,such as heart muscle 
or tumour, and treated the pulp with 5% citric acid. 
After a certain amount of purification by mechanical 
means he removed the remainder of non- nuclear mater- 
ial with pepsin,a procedure previously used by 
;ïiescher (1871a) for the isolation of nuclei from 
pus cells,and one which is almost certain to produce 
considerable changes in the composition of the nuclei. 
StIoneburg stated that his method was inapplicable to 
thymus glands and to liver. 
The adaptation used in this investigat- 
ion,which avoids the use of pepsin and moderates the 
action of the acid,is as follows. 
The tissue (thymus gland,liver,spleen, 
etb.),ebtained from the slaughter house immediately 
after the death of the animal, is freed from as much 
connective tissue as possible and minced coarsly in 
a household mincer. It is then converted into a fine 
pulp by passage through a'Latapie'mincer. The pulp 
is suspended in about four volumes 4 acetic acid 
and stirred at high speed for about 30 minutes. This 
stirring is essential to disintigrate the pulp and to 
bring the cells into intimate contact with the acid, 
and to be fully effective,must be carried out without, 
delay after mincing the tissue. After standing, one 
or two hours the fluid is strained first through 
gauze,which removes grosser contaminftnts,such as 
coagulated masses of protein,and then through four 
4 
layers of muslin. This process removes small pieces 
of fibre and a variable amount of finely divided 
slim Ay material. The latter,if present in appreciable 
amounts7tends to clog the muslin and renders the 
process slow. The filtrate from these operations 
contains the nuclei, usually admixed, particularly in 
the case of liver,with a few whole cells and a 
quantity of fine cytoplasmic granules. 
'urification of the nuclei is brought 
about by repeated centrifuging. she nuclei are first 
separated by centrifuging at 2,000 r.p.m. for 20 
minutes when the dense nuclei form a more or less 
compact layer,followed by a loose layer of cytoplasms 
debris and whole cells,with finally a turbid super- 
natant. These fractions may be separated by the 
appropriate mechanical means and the nuclei purified 
by repeated fractional centrifugation in 1 ¡0 acetic 
acid until only one layer is present and the super- 
natant fluid is clear. 
late 3 shows a preparation of ex 
liver nuclei at this stage stained with methylene 
blue. 
When a satisfactory preparation is 
obtained,as shown microscopically,the nuclei are 
washed in alcohol followed by ether as desoribeti for 
sperm heads. 
Variations of the above method have 
been used,such as washing the pulped material in 
saline,or saline containing 0.3a oetavlen,be' ore the 
7 
PLATE 3 Ox Liver nuclei x700 
11) so 
(,Stained methylene blue. 
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acetic acid treatment in order to help to remove 
cytoplasmic proteins,especially ribose nucleoproteins, 
which are, accordin_; to 1,Iirsky ( 1943) ,soluble in 
saline. The results obtained,however,did not justify 
the great deal of labour and time involved. 
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NUCLEIC ACID ESTIMATIONS. 
TOTAL NUCLEIC ACID. Total nucleic acid was determine 
ea by total phosphorus estimations. This procedure 
appeared justifiable as no other phosphorus contain- 
ing compound was known to occur in the nucleus. 
:ecent work by DavidsonAhowever, suggeststhat a num- 
ber of other phosphorus containing compounds may be 
present, but in the 1ck of any details it appeared 
justifiable to assume the phosphorus content to be a 
measure of the total nucleic acid present. The 
estimations were carried out by the method of Piske &! 
Subbarow (1925) using the reagents of King,Haselwood 
and Delory,(1937). 
7mg. nuclei ;.dried in vacuo over 72.20b- for 
three days at room temperature,were weighed into a 
boiling tube and digested with O.9ml.H1,S0y 
until all charring had disappeared. The digestion 
was complete in 18 - 24 hours. The cooled digest 
was made up to 25m1.and 2ml.aliquots taken for estim- 
ation. To the slightly diluted sample is added lml. 
2.5c/0 ammonium molybdate in 2.511 sulphuric acid, 
followed by 0.2ml.reducing reagent (containing 
1- amino -2- naphthol -4- sulphonic acid). The volume is 
wa made ur to 10ml.with water and the colour Dread 
in the Spekker Absorptiometer using Spectrum red 
filters (680111.). Standards were prepared similarly 
from a phosphate solution using ammonium molybdate 
in 5V sulphuric acid in order to keep the acid 
concentration constant. 
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RIBOSE EUC1JEIC ACIJi. 75mg.nuclei,dried as above,were 
weighed into a graduated centrifuge tube,suspended in 
lml.water and lml.2îd KOH added. The suspension was 
incubated for 18 hours at 37'C,solution taking place 
within two hours,after which the procedure was exactly 
as described in the previous section for pure ribose 
nucleic acid (p.26). 
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Table 4 gives the results of the total 
and ribose nucleic acid estimations for isolated ox 
nuclei,while Table 5 gives similar values for various 
other species. .ach value is the mean of two or more 




IZ. i. R.N.A. 
OX LIVLR 2/46 29.2% I. 9; 
8/47 28.7 1.3 
2/48 30.5 I.I 
3/48a 30,5 I.0 
3/48b 30.7 0.86 
II/48 28.7 I.5 
I2/48 27.5 I.8 
4/49 28.4 I.8 
OX TILír,:US 10/47 36.8 0.83 
4/48 36.4 I.3 
10/48 34.3 I.0 
3/49a 34.7 0.86 
3/49b 35.4 0.80 
3/49c 35.I 0.84 
3/49d 34.4 0.64 
OX SPLEEN 10/46 33.5 0.70 
I0,47 33.6 I.I 
I2/48 32.6 0.78 
Total N.A. = Nucleic acid by phosphorus estimation. 
R.N.A. = Ribose nucleic acid determined 
furfural estimation, 
-TABLE 5- 
SPECIES TISSUE PREPN. TOTAL 
N.A. 
R.N.. 
RABBIT LIVER 11/48 26.25 2,0;; 
KIDNEY II/48 26.0 1.2 
FOWL ERYTHROCYTE I0/47s 33.9 2.3 * 
8/48s 34.8 2.5 * 
I2/48s 34.2 2.2 ̀  
2.48c 38.I 0.74 
3/48c 37.8 0.88 
LIVER 3/48 3I.2 2,0 
I2.48 29.4 2.2 
THYMUS I0/48 36.3 I.3 
I2/48 32.0 I.4 
COD SPERM 3/49 30.3 0.3 
?iERßING SP ER:;: 2/48a 59.0 0.0 
2/48b 40.I 0.2 
3/48a 45.2 0.2 
3/48b 38.8 0.2 
SALMON SPIMLT S.P. 59.5 0.I 
S.K. 60.8 0.I 
Legends as in Table 4. 
# These are abnormal values brought about by laking 
with saponine - see page GG. 
3 
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CHROMàTOGEIIIC SUBSTANCES OTHER TUAIT RIBOSE mJCLEIC 
AID. The possibility that pentoses,pentose nucleo- 
tides,glucuronides,glycogen and mucoproteins,if 
present in sufficient concentration in cell nuclei, 
might contribute to the yield of furfural under the 
conditions used in the foregoing estimations has been 
discussed in Section A (p.30). The following tests 
were therefore carried out. 
Using the method of Roe and Rice (1948) 
free pentoses could not be detected in a 100mg. 
sample of ox liver nuclei. Similarly glucuronides 
could not be detected by Tollen's naphthoresorcinol 
reaction as described by Hanson et al.(1944),while 
,uckL 
glycogen was shown to be absent from ox liverAby the 
technique of van üagtendork (1946) . Bounce (19430) 
also claimed that his preparations were free from 
glycogen,using rat liver. 
The position regarding co- enzymes and 
mucoproteins is less satisfactory,however, There is 
at present little evidence to suggest their presence 
but equally,there is nothing to disprove it. Co- 
enzymes especially are a probable nuclear constit- 
uent,although doubtlessly present,as indicated by 
Bounce (1943c)ß in very small amounts. 
It is probable,therefoue,that the 
ribose nucleic acid content of isolated cell nuclei 
as measured by furfural formation is essentially 
a 
correct value,but it may be slightly high 
because 
other 
of the presence of small amounts ofAfurfural yield- 
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'ing substances,such as co-enzymes and mucoproteins. 
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' 1O5 :01MS ESTIMATIONS. 
In view of the relatively small amounts 
of ribose nucleic acid apparently present,it was 
thought desirable to check the results obtained using 
the furfural method previously described by means of 
phosphorus estimations. According to Schmidt and 
ihannhauser (1945) the centrifugate used/in/the ribose 
nucleic acid test should have contained only the 
latter substance in the form of nucleotides,there 
being no evidence to suggest the presence of phospho- 
proteins in the nucleus. Davidson et al.(1949) have, 
however,since produced evidence that such compounds 
do occur. 
When the phosphorus content of the 
centrifugate was determined by the method described 
below in all cases there was found to be present 
more phosphorus than could be accounted for by the 
ribose nucleic acid,assuming,as appeared justifiable, 
the results of the furfural estimation to be correct. 
2 }iOSPHORUS ESTIMATION. The method of phosphorus 
estimation previously described (p.49) suffered from 
the disadvantage of being slow. It was therefore 
modified by the use of perchloric acid as ol:idising 
agent for the removal of organic matter (see King, 
1946). A lml.aliquot of the solution under investig- 
ation was digested with 1.2ml. 60% perchloric acid 
in a Polin -Wu sugar tube until all charring had 
ceased,the process usually taking about 15 
minutes. 
The cooled digest was diluted to about 
10m1. with 
-R I(30jk l YUCU le 14/D PHOSPHORlL L:: 
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water,when a white crystaline precipitate of potass- 
ium perchlorate appeared. As this did not adsorb 
any of the colour developed later it was ignored and 
colour develo4ment brought about by the addition of 
1m1.2.5í0 ammonium molybdate in water,followed by 0.5 
ml. naphthalenesulphonic acid reducing agent before 
making up to 12.5 ml.with water and reading as before 
against standards and blanks containing lml.perchlor- 
ic acid. Figure 8 shows a calibration curve prepared 
from ribose nucleic acid by the above method. 
I iOj iOiiUL3 ï_: ALLA l DIGESTS Or NUCLEI. As pointed 
out above,the centrifugates used in the ribose 
nucleic acid estimations should have contained the 
latter substance as the sole phosphorus containing 
compound but when phosphorus estimations were carried 
out by the method described above,it was considerably 
consistantly found that the phosphorus detected 
could not all be accounted for by ribose nucleic 
acid. Table 6 shows typical results,the first 
column giving the ribose nucleic acid phosphorus and 
the second the total phosphonus,both expressed as a 
percentage of the dry weight of the nucleus. The 
third column gives the difference between the above 












Ox liver,11/48. 0.15 0.25 0.10 
12/48. 0.16 0.28 0.12 
Ox t hymus ,1 3 j 4 7. 0,08 0.18 0.10 
4/48. 0.11 0.20 0.09 
Ox spleen,l0/46. 0.06 0.17 0.11 
12/48. 0.07 0.16 0.09 
Fowl erythrocytes,2/48. 0.06 0.13 0.09 
3/48. 0.08 0.15 0.07 
Herring sperm,4j48a. 0.01 0.13 0.12 
4/48b. 0.61 0.11 0.10 
these rsults show quite conclusively 
that there was more Phosphorus uresent in the 
centrifugate than could be accounted for by ribose 
nucleic acid, the extra phosphorus in amount, 
but rcpresentin_: from 0.07 % - 0.12 dry weight of 
nucleus,or calculated as nucleic acid,roughly 0.8- 
1.2;;, of the nucleus. 
Deoxyribose nucleic acid was known to 
be absent from the centrifugates by their negative 
Dische reactions,as mentioned previously. he 
'èxtra phosphorus must therefore have been due 
either to decomposition products of deoxyribose 
nucleic acid which did not give the Dische reaction, 
or to some non- nucleic acid phosphorus compound 
present in the nucleus. 
The matter was further investigated 
in ox thymus nuclei. Samples of nuclei were treated 
with alkali as in the estimation of ribose nucleic 
acid and were then precipitated with 0.4m1.611 HC1 
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followed by 2m1. O.lÌI H01, this modification of tech- 
nique being adopted to keep the volume of fluid const 
ant over a wide range of weights of ae d.nuclei. 
Figure 9 shows the liberation of acid soluble phos- 
phorus from such nuclei,and also the ribose nucleic 
acid phosphorus, calculated from the furfural results. 
Attempts were made to investigate the 
possible destruction of deoxyribose nucleic acid by 
alkali treatment. The specimens of nucleic acid were f ro.M1 a sPearten 
from a Neumann preparation herring sperm,and. from 
cod sperm prepared by extraction with 0.2% NaOH in 
10% sodium acetate after removal of histone. The 
amount of phosphorus liberated when the above nucleic 
acids were treated with alkali was very much greater 
than that liberated from the corresponding; amount of 
nucleic acid in cell nuclei or nucleohistone,as is 
indicated by the dotted curve- in Fig.9 The addition 
of histone to the nucleic acid made no significant 
difference to the liberation of acid soluble phos- 
phorus from the latter on alkali treatment,suggesting 
that the striking difference between:free dao ±yribose 
nucleic acid and the same substance in cell nuclei 
was due tò some change in its nature brought about by 
the preparation. 
As this problem was incidental to the 
main project further investigations were not carried 
out but the results obtained showed conclusively that 






























to material such as cell nuclei without considerable 
modification when the estimations were based on 
phosphorus determinations. The results also suggest 
ed the presence of alkali -labile non -nucleic acid 
phosphorus compounds nni the cell nucleus.,in confirm- 
ation of .Davidson ear al. (1949a). If such compound- 
do e 1i u they probably occur in the chromosomin 
fraction. rìs isolated this latter always contains 
a small amount of deoxyribose nucleic acid,as shown 
acid 
by the -'eulgen test, but the presence of non- nucleitA 
phosphorus cannot be excluded. 
DISCUSSIOi;. 
The discussion of the location of the 
ribose nucleic acid and its physiological signifi- 
cance will be left until äection iJ. In the present 
section only the meaning of the smail,but signifi- 
cant, amomnts of ribose nucleic acid present in the 
cell nuclei isolated by the available procedures 
be considered. 
_.±.___ Uii_J OF ISOLATED 
The first question of interest is the 
relationship of isolated cell nuclei to the nuclei 
of the living cell. In this investigation, the main 
method used for the isolation of nuclei is of a 
fairly mild nature, the most drastic treatment being 
contact for a fear hours with 4,) acetic acid (0.66:; 
pH24) followed by more or less prolonged contact 
with 1 ¡,; acetic acid (0.17N; pH2. 7) . This treatment 
undoubtedly alters the finer structure of the living 
nucleus in a way entirely analogous to that brought 
aoout by the more gentle cytological fixation tech- 
niques. --or the present investigation this is of 
little importance as it is extremely unlikely that 
the nature or áu-- antity of the nucleic acids is alter- 
ed in any gray by such treatment. that no drastic 
change to the protein constituents can have occurred 
is shown by isolated nuclei exhibiting a fair degree 
of e -glucuronidase activity when tested by the 
micro- method of :err et al. (1949),so that complete 
denaturation cannot have taken place. 
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Pollister et al.(1949) claimed that the 
isolation of cell nuclei caused great changes in their 
composition,mainly brought about by the removal of 
protein. As this claim was based on Pollister's 
histochemical methods (see Pöllister and 2is,1947) it 
is of only doubtful value owing to the many critic - 
isms -which can be levelled at so called quantitative 
histochemistry. Thus,he used the Peulgen technique 
as a quantitative measure of the deoxyribose nucleic 
acid present in the nucleus : as some 30$ of the 
.phosphorus is removed during the estimation (Stedman 
and Stedman,1949) it is obvious that the technique 
can in no sense be considered nuantitátive. The 
method of protein estimation is again of doubtful 
value because of the complexity and vigour of the 
conditions of the method/which involves the use of 
hot trichlor acetic and of I illon's reagent. In 
!view of these criticisms it seems justifiable to 
consider the claims of Pollister with reserve. 
again Pollister worked with physiological saline : he 
claimed that such treatment removed non -histone 
protein from frozen sections. This work is therefore, 
not directly applicable to the present investigation 
where the nuclei are fixed by the preliminary 4¡; 
acetic acid treatment. Dounce (1943a,ó) also suggest= 
ed that isolation of nuclei at a pH approaching 
neutrality caused removal of protein but pointed out 
that this did not occur with nuclei isolated in acid; 
solution,as in his citric acid method. 
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Plate 3 shows a typical preparation of 
ol_ liver nuclei. ' hese show an appearance similar 
to a normal cytological liver preparation,that is,a 
typically spherical nucleus with a fairly dense 
chromatin network and one or more prominent nucleoli. 
This fact alone is good evidence that no great 
change has occured during the isolation procedure. 
In this connection it is probably not without inter- 
est that the majority of cytological fixatives used 
in the study of cell nuclei,on which study much of 
the theory of cytogenétics is based,contain large 
amounts of acetic acid; eg. Carnoy, with 25 ¡ó acetic ac4; 
Bouin and Zenker, both with 5o acetic acid, are common- 
ly recognised fixatives giving 'good' nuclear prepar- 
ations. Again Caspersson_ and Schultz. (1940) in their 
study of the nucleolus,macerated root tip cells of 
SPINACIA in 4* acetdic acid for several clays. The 
effect of such treatment must be very detrimental to 
the cell considering that a three hour treatment with 
acetic -alcohol (25 acetic acid) removes 10 ¡0 of the 
histone from isolated cell nuclei (Stedman and 
Stedman,1948). 
As already mentioned,a possible critic- 
ism of the results is that substances have been 
removed from the nuclei during isolation. There is 
certainly little doubt that any substance of low 
molecular weight present in the living cell nucleus 
would be at least partly removed. This may or 
may 
not include co- enzymes depending on the strength 
of 
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the link between the appropriate co- and apo- enzyme. 
That any substance of high molecular weight is lost 
is unlikely,however. As pointed out,Dounce (1943 a, 
b) suggested that at pH6 non -histone protein was 
removed from the nucleus,at nH2 or less he believed 
that histone was extracted,while at slightly acid 
reaction (pH3) the composition of the nucleus was 
apparently unchanged during the isolation. There is 
little to suggest that histone is removed during 
isolation in the present investigation,as,apart from L 
the constancy of the composition of a 
large number of different specimens of nuclei .from 
various sources,even prolonged,trearment of isolated 
nuclei with acetic acid removes only minute 
amounts of material precipitab le by the addition of 
sulphuric acid and a large excess of alcohol. 
One of the purposes of the present work 
was to study the nature of the nucleolus : it is of 
importance,therefore,that the staining properties of 
that organelle are not altered during isolation. 
¡According to Brachet (1942) the nucleolus of liver 
cells stains red when treated with a mixture of 
methyl green and pyronine. Isolated ox liver nuclei 
were smeared from l:acetic acid,washed,stained over- 
night in methyl green -p ronine,washed and different- 
iated 30 seconds in alcohol before mounting in 
balsam. In such preparations the nucleolus stained 
a deeb red- purple and the nuclear sap a pale 
blue. 
111 identical preparation was obtained when 
fresh 
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mouse liver was smeared , fixed in Oarnoy, amp stained 
as above. It is therefore obvious that the pyronine 
stainin;_; material of the nucleolus, be it ribose 
nucleic acid or not,is certainly not removed during 
the isolation of the nuclei. 
ú TI i . O ' :,:ATERI; L DULII;G .1 2O.LATIOiY . 
The possibility that during the isolat- 
ion of the nuclei material is taken u-o from the 
media must next be considered. 
in the case of fowl erythrocytes there 
is definite evidence that such a process can take 




of isolated fowl erythrocyte. appears to fall 
into two grou;;s,one group having a ribose nucleic 
acid content of about 2.5: (preps.10/47,8/48 and 
12/48) and the other a content of about 1_ (preps. 
2¡48,and3/48). In the first group the laking agent 
used was saponine any in the second; cetavlon: The 
much higher apparent ribose nucleic acid content of 
the saponine laked specimens suggested that contam- 
ination of the nuclei with the latter substance had 
occurred. The two samples of saponine used both 
gave high furfural yields when submitted to the 
usual treatment. It seems certain,therefore,that 
contamination of the nuclei had occurred,and in such 
a way what even prolonged washing could not entirel 
remove the contaminant. 
It is thus obvious that contaminants 
yielding furfural form a potential source of error 
67 
in the determination of ribose nucleic acid in isol- 
ated nuclei,and also obvious that great care is 
required in assessing the significance of any sub- 
stance supposedly present in small amounts in isol- 
ated nuclei. 
Closely related to the above is the 
question of whether the values for the ribose nucleic 
acid content of isolated cell nuclei represent .true 
values for the nucleus or whether they are apparent. 
values brought about by varying degrees of cyto- 
plasmic contamination. Gross contamination of the 
nuclei is ruled out by their microscopic appearance, 
but contamination by adsorption is a possibility 
which must be considered. Especially is this the 
case in the liver where contamination is very likely 
because of the large amount of ribose nucleic acid 
present in the cytoplasm. In the other tissues 
examined contamination in this way is not so probable. 
Figure 10 shows a correlation diagram 
for the total and ribose nucleic acid contents of 
several specimens of isolated ox liver nuclei. There 
is apparently an association of a high ribose 
nucleic acid content with a low total nucleic acid. 
One explanation is that part of the apparently 
nuclear ribose nucleic acid is actually cytoplasmic 
contamination,which would have the effect 
of in- 
creasing the ribose nucleic acid content of 
the 
preparation while lowering the total nucleic 
acid: 
because of the lower total concentration 
of the 
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latter in the cytoplasm. In Fig.10,however,the three 
specimens of nuclei with total nucleic acid contents 
of roughly 30.5,E and ribose nucleic acid contents of 
l» may be abnormal. These specimens were prepared 
by treatment of the minced tissue with saline before 
acetic acid extraction. As suggested by the work of 
Dounce,this treatment could have removed some of the 
nuclear proteins and ribose nucleoi)rotein,the latter, - 
in contradistinction to itöxyribose nucleDproteirü, 
being soluble in physiological saline. If this be 
the case,then the high total nucleic acid content 
and low ribose nucleic acid content are readily' 
e.7plained and the apparent correlation shown in Fig. 
10 disappears,it being replaced by a figure explicable 
as the expected variation from preparation to prepar- 
ation,as in the case of thymus nuclei (Figurell). 
Be this as it may,however,the possibility that some 
of the ribose nucleic acid of isolated nuclei,a d 
especially of liver,is of cytoplasmic origin cannot 
be excluded. 
In view of the foregoing discussion it 
seems justifiable to assume that the reported ribose 
nucleic acid values are approximately true estimates 
of the amount of that substance present in the living 
nucleus,there being no evidence to suggest the loss 
of ribose nucleic acid,or indeed,any substance of 
high molecular weight,durin, the isolation of the 
nuclei. Similarly there is nth evidence of contamin- 
ation,except in the case of saponine laked fowl 
ery.: 
throcytes,although traces of adsorbed cytoplasmic 
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ribose nucleic acid cannot be excluded. It must be 
noted,however,that the values for the ribose nucleic 
acid content reported must be the maximal values 
brought about by the presence of other furfural yield - 
ing substances than ribose nucleic acid and from con - 
taminating substances in the cytoplasm. In the case 
of fish sperm heads especially,the small apparent 
ribose nucleic acid content may well be due to this 
effect. 
.AItsiJI. ICAITCE 00' 'EXTRA' PHOSPHORUS. 
The 'extra' phosphorus discussed on p. 
58 would appear to be either a decomposition product 
of deoxyribose nucleic acid or of some other phosphor- 
us compound present in the nucleus. This phosphorus 
.is,however,present in amounts small enough to justify, 
the assumption made in this work that the total phos 
chorus of the nucleus is a measure of its nucleic 
acid content. As pointed out,the 'extra' phosphorus,¡ 
expressed as nucleic acid,amounts to less than 1 ¡; of 
Ì 
the nucleus which is of little significance with 
:regard to total nucleic acid contents of the order of 
130';o as reported. in this investigation. The procedure' 
for the determination of total nucleic amid 
in the previous section is therefore completely 
justifiable. 
Schmidt and Thannhauser (1945) claimed 
that their method,on which the present work is 
based, 
1 
gave an accurate measure of the nucleic acid 
content 
1 
o a tissue,basing their claim on the quantitative 
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recovery of added ribose nucleic acid from acetone 
dried tissue powders. They also stated that their 
determinations of ribose nucleic acid phosphorus 
'agreed with estimations carried out by Mbjbaum's 
(1939) method. This would suggest that the effect 
noted in the present work,thats,the appearance of 
'extra' phosphorus,only arises in the case of cell 
nuclei in which the material is presumably located, 
and in which the concentration of ribose nucleic acid ! 
is very low. As already indicated this problem was 
incidental to the main investigation and was thereforé 
not considered further. The evidence available, 
however,would suggest that this 'extra' phosphorus 
was probably identical with the rhosphoprotein phos- 
phorus shown by Davidson et al.(1949a) to be present 
in isolated cell nuclei and also in minute amounts 
in whole tissues, (Davidson et al.1949b) where the 
source is no doubt the nuclei contained therein. 
SECTION C. 




It has for some time been recognised 
that the ribose nucleic acid content of an organ is 
connected with its state of activity. áchneider 
(1947) showed an increased ribose nucleic acid con- 
tent of rat and mouse tumour as compared with the 
normal tissue. ì ;ovikoff and cotter (1948) showed a 
rise in the ribose nucleic acid content of regener- 
atin ?. rat liver,while CaspersSon and his associates,in 
a long series of papers (summarised by Caspergon in 
1947) have shone that the cytoplasm of actively 
dividing cells or of cells engaged in protein syn- 
thesis is rich in ribose nucleoproteins. It thus 
seems fairly definite that the ribose nucleic acid 
content of a proliferating tissue is higher than in 
a resting tissue. This work,hoïever,has been carried 
out almost entirel,, on whole tissues or on cytologic- 
al preparations,and little work has been reported on 
the nuclei isolated from such tissues. 
Darlington (1942) stated that nucleoli 
were large in protein producing cells,such as egg, 
meristematic,or tumour cells,anu implied that a 
large amount of ribose nucleic acid was present in 
such nucleoli. - oller (1940) claimed that tumour 
cells contained a large number of i'eulgen negative 
nucleoli and that the nucleic acid content of such 
cells attained abnormally high values:these claims 
were based on cytological study of tumours using 
the 
Peulgen technique as a means of detecting deo : :yribose 
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nucleic acid. From such work Koller concluded that 
a rise in deoxyribose nucleic acid concentration was 
the fundamental cause of malignancy. Apart from such 
work,little has been reported on the ribose nucleic 
acid content of the nuclei of proliferating cells, 
although Dounce (1943b) gave values for the deoxy- 
ribose nucleic acid content of isolated rat hepatoma 
nuclei,which had a lower figure than normal,contra- 
dieting the claims of Koller. 
Liver was found to be the most suitable 
organ in which to carry out an investigation of the 
nucleic aciu content of nuclei isolated from prolif- 
ic 
orating tissue as itAreadily available in large 
amounts from the normal laboratory animals and cell 
proliferation is easily induced by partial hepatectomy 
or by administration of liver poisons such as carbon 
tetrachloride. 
This section is therefore concerned with 
the ribose nucleic acid content of nuclei isolated 
from regenerating liver tissue. The results obtained 
with nuclei isolated from other tissues in cases of 
leukaemia in man are also mentioned,although the 
latter are difficult to interpret because of the lack 
of adequate normal controls. 
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METHODS. 
RAT DIVER. Regeneration was brought about by part 
ial hepatectomy. The animals used were male and . 
female ':; istar rats of 200- 250gm.weight fed on stand- 
ard rat cake (high protein content). for 24 hours 
before and after the operation the animals were 
allowed only lOjo glucose in water. Atropine (l3mg./ 
100gm.) in phosphate buffer pH? was given by sub- 
cutaneous injection 30 minutes before anaesthetising 
with ether. The operation was carried out using the 
technique of Higgins and Anderson (1931). 
The medial and left lateral lobes were 
exposed through a ::lid -line ventral incision extending 
1.5cm.caudally from the xiphoid process and removed 
after double ligature with silk. No bleeding was 
caused,the only loss of blood being that left in the 
excised lobes of liver. After introducing 300- 200mg. 
sulphanilamide in warm saline into the abdominal 
cavity the muscle layer and skin were closed indepen- 
dantly with discontinuous nylon sutures. The wound 
was disinfected daily with 1/1000 acriflavine. 
the mean mortality was less than 20 ¡0 and 
was due almost entirely to respiratory troubles 
üg5re.vacea by the anaesthetic - in one batch the 
mortality was 70,J due entirely to patholggical 
changes in the lungs. It appeared obligatory to use 
ether as anaesthetic inspite of its effect on the 
respiratory tract as it was impossible to use 
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TIiembutal' and similar liver- detexicated barbiturates 
when 0;, -70:) of the liver was removed during the 
operation. 
MOUSE LIVER. The liver was poisoned by injection of 
50¡ carbon tetrachloride subcutaneously as a solution 
in olive oi1,0.2m1. /30girt. Regeneration had commenced, 
'within 48 hours. 
RESULTS. 
Nuclei were isolated from the normal 
and proliferating tissues by the methods previously 
described . No great difficulty was met with even 
in tho early stages of carbon tetrachloride poison- 
ing when considerable amounts of fat were present. 
As the amount of material was small,the time of 
preparation was much reduced,a preparation of rat 
liver nuclei being finished within 6 hours of the 
death of the animals. 
HISTOi,OGY. In the mouse,according to Levvy,iierr and 
Campbell (1948),regeneration after CC14 poisonin" is 
well advanced after 3 days and is almost complete 
after 7 days. 
In the rat a similar picture was obtain - 
ed from haemotoxylin -essin stained preparations 
during the course of this work. At 3 days the 
number of nuclei per field was less than normal but 
mitoses were visible;at 4 days much mitotic activity 
was apparent and the number of nuclei greater. By 
8 days the liver was apparently almost back to normalt 
At all stages the iiupfer cells were very prominent. 
This would suggest that the most active cell division 
was occuring at 3 -4 days after partial hepatectomy 
and that the apparent 'growth' of the residual liver 
prior to this was due to the uptake of water or some 
form of increase in weight without cell division. 
ANALYTICAL INSULTS. The analyses were carried out 
by the methods described in the previous sections, 




for the mouse. The rat results are from groupsof 
approximately eight animals and the mouse results for 






Total *,.b R.N.A. Total N.g R.N.A. 
R1.1. 25.4;0 4.5¡0 - _ _ 
R1.2. 27.3 2.9- 6 27.5 jó 4. 0ci0 
RL.3. 26.5 3.6 4 26.3 4.4 
RL.4. 26.4 4.0 3 26.1 4.9 
RL.5. 27.5 3.8 3 24.2 5. 




Total T.T.A. R.E.A. Days Total N.A . R.i.,ä. 
:::L.1. 27.9¡J 3.3;0 3 27.5¡0 3.5;: 
i,110.2. 26.0 3.9- 6 27.5 3.2- 
1,1.L.3. 27.0 3.2 9 27.8 3.0 
The most striking feature of the above 
results is the high figure for the ribose nucleic 
acid content of normal rat liver,3.75: 0.2 %,compared 
with the values for ox,rabbit an.' fowl nuclei pre- 
viously reported. The ribose nucleic acid content is 
also elevated in the regenerating tissues,as shown in 
Figure 12,which shows the relationship if the ribose 
nucleic acid content to the state of proliferation 
of the organ. The dotted lines indicate the mean 
normal ribose nucleic acid content t twice 
the stan- 
dard error of the mean. This value has 
no statistic- 
al significance but it indicates the 
spread of the 
normal results. 
O 
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As is seen from fable 8 the ribose 
nucleic acid content of normal mouse nuclei is again 
high - approximately 3.5 ¡p. 
Table 9 gives the results for the few 
human tissues studied. The. nuclei were isolated 
from post -mortem material obtained from the Holt 
Radium Institute,=,anchester. The tissues were pre- 
served in solid CO2 during transit. such freezing 
was shown to have no effect on ox liver controls - a 
specimen preserved for 48 hours in solid CO2 showed 
no difference fron normal in the ease of isolation 
and appearance of the nuclei,nor in their composition' 
with regard to histone and nucleic acid content. 
The preparation of the nuclei from these: 
tumours was by the normal method and was carried out 
without great difficulty. In some tumour material, 
however,the preparation of nuclei was almost imposs- 
ible owing to the presence of large amounts of fibrous 
material which prevented the separation of the nuclei. 
Table 9. 
Tumour. Tissue. Total N.A. R.N.A. 
Leukaemia. Spleen. 
'o 1.2% 
Follicular Liver. 27.8 2.0 
reticulosis. Spleen. 30.5 0.83 
Lymph glands. 34.7 1.0 
Unfortunately normal tissues were not 
available as controls but the results previously 
published by Stedman and Stedman (1947a) suggests 
that the total nucleic acid content of tumour cells 
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does not vary greatly from that of normal tissues. 
Human liver nuclei contain approximately 27.5 
nucleic acid and thymocyte nuclei approximately 36.5y 
This figure is probably very near to that for lympho- 
cytes,while spleen nuclei in general have a lower 
nucleic acid content than the corresponding thymocyte:s. 
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DI3OUS3ION. 
The high ribose nucleic acid content of 
normal rat and mouse liver nuclei is of interest and 
is a further example of the ever present danger of 
generalising from ane species to another distantly 
related species. This rather high content of ribose 
nucleic acid - 3.8 as against 2;L in the ox - may 
well be conected with the different microscopic 
appearance of the two types of nuclei. Ox nuclei 
are shown in Plate l;rat nuclei,on the other hand, 
show a granular appearance not present in the ox qnd 
in general the nucleolar system is more highly devel- 
oped a1 the rat.at liver nuclei are much more 
heterogeneous than ox preparations. This difference 
in appearance is not so striking in normal histo- 
logical preparations. 
The results quoted in Table 7 and 2ig. 
12 show a definite increase in the ribose nucleic 
acid content of regenerating rat liver nuclei as 
compared with normal nuclei. The maximum value 
would appear to be reached at about 3 days after the 
operation,at which time the regenerative processes 
are commencing,and the value would seem to be nearly 
normal again at 6 days,when the rate of regeneration 
has slowed considerably. This distribution is sim- 
ilar to that obtained by rovikoff and Potter (1948) 
in their study of nucleic acid in whole rat 
liver 
during regeneration. These workers found 
a sharp 
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rise in the ribose nucleic acid content at 3 days 
after partial hepatectorny. Davidson and ;aymouth 
(1944c),on the other hand,found no rise in liver 
nucleic acid under these conditions but apparently 
based their claim on a small number of experiments. 
It is interesting to note that there is 
no significant change in the total nucleic acid 
content of liver nuclei during regeneration,tha- is, 
the deoxyribose nucleic acid content must drop as the 
ribose nucleic acid content rises. This could UU; 
taken as indicating the transformation of deoxyribose 
nucleic acid into ribose nucleic acid,that is,the 
reverse transformation to occur to that postulated 
by Brachet during :ACT 1úU8 develo,clnient (see Brachet, 
1945) an by ï.iitchell (1942) in the normal course of 
nucleic acid metabolise. Where is,however,no evid- 
ence to suggest that the -ribose- deoxyribose nucleic 
acid change can tare place in either direction and it 
would therefore be valueless to theorise further on 
scant-- results available. It should be noted that 
the nucleic acid contents are quoted as percentages 
and not as absolute amounts present per nucleus. If 
it were possible to_express the results in the latter 
manner the suggestive parallelism between deoxyribose 
and ribose nucleic acid might well be shown to be 
erroneous. In a few cases attempts were made to 
determine the absolute amounts of nucleic acid by 
counting the isolated nuclei. 2he technique was 
not 
satisfactory as the high density of the nuclei 
made 
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it impossible to obtain an even suspension while the 
actual size of the nuclei varied so much that it 
appeared that no great reliance could be placed on 
the determination of nuclear weights by such methods. 
The resulta obtained with rat liver 
nuclei may thus be summarised;normal rat liver nuclei 
contain about 3.7v ribose nucleic acid which in the 
early stages of regeneration increases to about 9¡; 
while the total nucleic acid remains approximately 
constant. 
It should be noted that these results 
ire obtained from nuclei isolated from whole livers, 
that is,from all types of cell ranging from actively 
dividing cells to normal resting cells. It may well 
be,therefore,that the changes described would be 
greatly accentuated if it were possible to isolate 
the nuclei from only the actively dividing cells. 
With regard to the mouse liver result, 
nothing can be said. The number of determinations 
are too few to allow any conclusions to be drawn. 1r 
only one of the reported estimations,namely the 
ribose nucleic acid content of nuclei isolated from 
liver 3 days after administration of CC14,could any 
departure from normal be expected,at least on the 
basis if the rat results. No such change was noted. 
This matter could not be investigated further with- 
; out the use of large numbers of mice which, at the 
time did not appear justifiable. 
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Similarly, the results of the tumour nuclei 
show little of interest,their nucleic acid content 
being apparently normal. This is contrary to the 
claims of Casperon et al.(1949) and of Koller (1943) 
both of whom claim an increase in the nucleic acid 
content of tumour cells. They agree,on the other 
hap ,with the work of Dounce (1943b) who detected 
nuclei 
little diference between normal rat liver/deoxyribose 
nucleic acid and that of calker tumour nuclei. Hepa- 
toma 31 nuclei had,however,e lower content of deoxy- 
ribose nucleic acid than normal. It is of interest 
that Bounce,using his citric acid method of isolation, 
(1943a,ó) obtained normal rat liver nuclei with a 
deoxyribose nucleic acid content of 20jß -24 ¡0 (Dische 
reaction). This compares favourably with the prepar- 
ations obtained in the present investigation which 
again had a deoxyribose nuc_eic acid content of 20 ¡ ,>- 
24 %,taken as the difference between the total and 
ribose nucleic acid content reported in Table 7. 
It would not be wise to lay too much 
stress on the reported tumour results,however,as they 
apply to types of leukaemia in which the lymphocytes, 
as isolated,may well be normal,ecept in that they 
are present in very large numbers,the actual tumour 
cell bein., perhaps one of the lymphocyte precursors, 
in which case no peculiarities could be expected in 
the nucleic acid make up of the cells examined. 
SECTION D. 
General Discussion and Histological Aspects. 
 
The results reported in the previous 




R.N.A. as % 
total 1;.A. - 
Ox liver. 1 - 2 3.5 - 6.0 
spleen. 1 3 
thymus. 1 3 
Rabbit liver. 2 7.5 
kidney. 1.5 6 
Rat liver. 3.8 14 
Louse liver. 3.5 13 
Fowl erythrocyte. 0.8 3 
liver. 2.0 8.5 
thymus. 1.5 4.5 
Herring sperm. 0.2 - 
Salmon sperm. 0.1 0.5 
Cod sperm. 0.3 1.5 
It is obvious that these figures although 
small are by ad means negligible and that they are 
in reasonable agreement with the values published by 
Vendrely (1948) and by Davidson et al.(1949),which 
have already been quoted,in Table 1. These latter 
values would appear to be the only estimates of the 
ribose nucleic acid content of isolated nuclei on 
which any reliance can be placed. 
As pointed out in the introduction, it is 
generally assumed that the nucleolus contains 
ribose 
nucleoproteins. It is important,therefore,at 
this 
point to review the evidence for this claim 
before 




evidence is conveniently divided into two groups - 
firstly that based on ultra -violet spectroscopy and 
secondly,that based on staining reactions. There is, 
however,considerable overlap in the two techniques. 
izISTOCi 'LCIS TRY vim, TEE I UCI,EOLUS . In general, the 
nucleolus is an acidophilic organelle,staining with 
eosin in the usual haemotoxylin -eosin preparations, 
and is almoat always reulgen negative. Under certain. 
conditions,however,it will stain with basic dyes,as 
with pyronine in the Unna- Pappenheirn technique,or 
with safranine in Flemming's Safranine- Gentian violet - 
Orange G mixture (ïlils©n,1928). Occasionally,as in 
tumour cells,Feulgen positive nucleoli are encounter- 
ed (%eller,1943). Such properties,hOwever,give no 
indication as to the chemical make up of the nucleolus. 
UMPA- *VIOLRT 'r; OR :. The pioneer work in this import- 
ant field was that of CasperQon and his school (1936, 
1939,1940,1941) and it is on this work that most of 
the current views on nucleolar structure Are based. 
The basis of the method is the very strong absorption 
of nucleic acids at 260m91. This characteristic and 
pronounced maximum allows,with suitable apparatus,the 
accurate localisation of nucleic acids within the 
cell. Unfortunately such absorption data do not 
allow any distinction to be drawn between ribose and 
deoxyribose nucleic acids,so any differentiation 
between these two acids must depend on some ether 
technique. Por this purpose Casperspn has utilised 
the Peulgen reaction which he claims (1944) 
to 
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localise the position of deoxyribose nucleic acid 
accurately. 
Casperepn's technique for the histo- 
chemical detection of nucleic acids may therefore 
be summarised thus;nucleic acids are located in the 
cell by their characteristic absorption at 260mß. 
after which deoxyribese nucleic acid is demonstrated 
by means of a positive 2eulgen reaction. Any body 
being Feulgen negative,although having an absorption 
maximum at 260m,»ß is taken as containing only ribose 
nucleic acid. On the basis of such results Casper- 
' Sean and áchult ,(1940) clam ad that the nucleolus in 
the eggs of SA ILIECEI ftS, the root tip cells of 
SPI_yACIA,and D'OSOIHILA salivary glands contained 
ribose nucleic acid. Prom the shape of the absorpt- 
ion curves obtained in the study of nucleoli, 
Caspersion (1940) claimed that the organelle also 
contained both histones and higher proteins 'of the 
albumin type'. 
The above technique,however,is open to 
criticism onseveral grounds. Firstly there is the 
very deléterious'effect of ultra- violet radiation on 
the cell. 2is and Mirsky (1949) have shown that even 
very short exposure to such radiation radically 
alters the appearance of the cell nucleus so that 
on this ground alone CasperaoWs claims are ,open to 
criticism,- as is also his use of 45 acetic 
acid 
as a fixative (Casperron and Schult41940). 
A 
much more important criticism that the 
above,however 
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his interpretation of the Feulgen results. Stedman 
and Stedman (1949) have shown that the Jeulgen tech- 
nique can hardly be expected to locate deoxyribose 
nucleic acid within the nucleus as under the exper- 
imental conditio @s used the histone is quantitatively 
removed, along with some 30¡ of the nucleic acid 
phosphorus. This being the ease,it is extremely 
obvious that the Feulgen technique can in no way be 
regarded as showing the distribution of deoxyribose 
nucleic acid but simply as a particular case of 
staining with a basic dye (Stedman and Stedman,1943) 
so that the nucleolus,as an acidophilic organelle, 
could not be expected to stain under such ctnditions. 
It woul'_ appear, therefore, that Caspersso 
claims to have shown the presence of ribose nucleic 
acid in the nucleus are based on a faulty interpret - 
ation of the data available - the only justifiable 
conclusion being that the nuclocs contains nucleic 
acid. :o conclusions regarding the nature of this 
nucleic acid are permissible. 
Caspersroa's claims that histones are 
present in the nucleolus are also open to criticism. 
Caspergpn (1940) stated that it was possible to 
differentiate between a 'histone type' and a 'albumin 
type' of protein by differences in their ultra -violet 
absorption spectra due to the larger amounts of 
basic amino acids present in the former. :.irsky 
and 
lollister (1942) have,on tho other hand,been 
unable 
to show any difference in'the absorption 
spectra of 
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several different histones and of albumin, when the 
former are nucleic acid free. Lirsky (1943) has 
stated that it is very doubtful if Caspersoon's'histone 
type absorption' is due to histdIne,but is more probab- 
ly an artefact due to the latteí?s use of histones 
containing large amounts of nucleic acid. Once again 
it seems that Casperson's claims to have shown the 
presence of histone in the nucleolus are not justi= 
fied. 
Some other evidence is,however,avail - 
able that would appear to support the view that the 
nucleolus contains ribose nucleic acid. Davidson 
(1946,1947) claimed that the ultra- violet absorption 
of the nucleolus,measured photographically, diminish, 
ed after ribonuclease treatment but that only the 
central parts of the nucleolus were attacked,the 
periral regions being unaltered. 
In conclusion,therefore,it mag be said 
that from the ultra- violet absorption data available! 
the nucleolus appears to contain nucleic acid and 
that this may be of the ribose type,although no 
definite evidence is presented. 
STAINING METHODS. In this field the majority of 
the work is due to Brachet's (1940) development of 
the Unna- Pappenheim technique. Brachet showed that 
with this mixture of pyronine and, methyl green,both 
basic dyes, the nucleolus stained specifically red 
with; 
the pyronine. This red staining no longer occured 
after treatment with ribonucleaee,which fact 
was 
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interpreted as showing the presence of ribose nucleic 
acia in the nucleolus. 
The use of enzymes in a histdchemical 
hest is a procedure open to grave criticism,as the 
'exact conditions of the experiment can never be deter- 
mined. The difficulty in investigating such experim- 
ents is well illustrated by the work of Catcheside 
and Holmes (1947) who obtained similar results by 
using either deoxyribonuclease or egg albumin. 
Brachet himself used a very impure preparation of 
ribonuclease but showed (1942) that identical results 
could be obtained using E:unitx's crystalline ribo- 
nuclease (19404 - which, incidentally, still contains 
traces of proteolytiu activity. 
The interpretation by I5rachet of the 
fact that ribonuclease removed the pyronine staining 
of the nucleolus is not the only one possible. 1,oring 
(1941) showed that ribonuclease inactivated Tobacco 
_:iosaic Virus and that the inactivation was not due to 
the hydrolysis of the ribose nucleic acid but to 
complex formation between the basic enzyme and the 
acidic virus. Loring pointed out that the inactivat 
ion was in no way due to the enzymic properties of 
the ribonuclease but was simply another example of 
complex formation between an acidic virus and a basic 
probein,such as had previously been shown th occur 
between rushy Stunt Virus and clupeine (Bawden,l938) 
with the resulting inactivation of the virus. It 
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seemed quite possible,therefore,that an analogous 
effect could take place in Brachet's histochernical 
test,- the basic ribonuclease could,by combining with 
the nucleic acid present in the nucl4us,prevent it 
from taain up the pyronine from the stain without, 
however,destroying the nucleic acid,be it ribose or 
deoxyribose nucleic acid. 
The following experiments show that the 
above explanation is very probable. Rat liver was 
fixed in Carnoy for 10 minutes, dehydrated and section- 
ed in paraffin at 141 in th suai way. After various 
treatments,to be described below,the sections were 
stained with methyl - green- pyronine (Baker,1942) for 
30 minutes, differentiated for 15 seconds in ethanol 
and mounted in balsam. sections were treated as 
follows- 
A. Incubated for 30mins.in water at 65'0. 
B. Incubated for 30mins. in ribonuclease at 65'0. 
C. Incubated for V0mins.in inactivated .aibo- 
nuclease at 65'0. 
D. Incubated for 30mins.in histone solution at 
65'C. 
E. Incubated 30mins. in protamine solution at 
65'C. 
the ribonuclease was a prepatation 
according to _iunitx (1940) used in a concentration 
of 1.5mg. /ml. The enzyme was inactivated (C.) by 
boiling for 30 minutes at pH 11,and the histone and 
protamine were specimens prepared from cod and herr- 
ing sperm respectively,used in a concentration of 
1.5mg. /ml. The pH of all these solutions was 
adjust- 
ed to 6.5 - 6.8 before use. 
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After the above treatment slide A, the 
control,showed little difference from the untreated 
slide -the cytoplasm stained red and the nucleolus a 
purple- red,not the pure red described by .brachet 
(1942). In all the other slides the staining of the 
cytoplasm was very much reduced and the nucleoli 
stained only *very faintly indeed. 
A similar picture was obtained When 
mouse liver was smeared directly onto microscope 
slides,fixed in Carnoy and treated as above before 
stainin with pyronine alone. Again ribonuclease, 
inactive ribonuclease,histone and protamine were all 
equally effective in removing the pyronine staining 
from the nucleolus. 
T1.ese results would appear to show that 
Brachet's ribonuclease test for ribose nucleic acid 
is of little significance and can give no reliable 
indication as to the distribution of that substance 
in the cell. It must be noted,however,that in accept. 
ins the above explanation there is no evidence to 
suggest that the nucleolus does not contain ribose 
nucleic acid. All that may safely be said is that 
Brachet's interpretation of the results is open to 
criticism and the question of the nature of the 
nucleic acid in the nucleolus still left unanswered. 
.Davidson (194Th) has partially confirm- 
ed j3rachet's claims. Using ribonuclease he showed 
that the pyronine staining material 
was removed from 
the central portion of the nucleolus. 
fíowever,using 
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t oluidine blue staining, iwavidson and la..ymouth (1944d) 
had previously shown that ribonuclease had no effect 
on the staining of the nucleolus. The significance 
of these conflicting results is obscure. 
The only other staining technique of 
importance in the study of the nucleolus is the lice 
of %i:1 t Green as a counterstain after the normal^. 
Peulgen technique (Gates,1942;Seshachar,1942). Light 
Green stains the nucleolus under such conditions after 
mordanting for a time with 50 NA2CO3,which presumably' 
removes nucleic acid (c.f. Delaporte,1939). This is 
claimed to confirm the presence of histone in the 
nucleolus. As already pointed out,however,histone is 
quantitatively removed from the nucleus during the 
acid hydrolysis prior to the Peulgen staining. It is 
therefore obvious that whatever be the Light Green 
stainin; material of the nucleolus it is not histone. 
This conclusion was bmrneout by the work of Kaufmann 
(1947) who showed that pepsin removed the Fast Green 
staining; material from the nucleolus. This Kaufmann, 
claimed to indicate the presence of non -histone 
protein,although pepsin is well known to digest 
histone OKosse1,1928). Kaufmann pointed out the sim- 
ilarity of the distribution of this green staining 
in tit n.ucleolu5 
substancexand the chromosomes and that of a trypto- 
phane containing protein,as shown by histochemical 
not 
methods. Histones are Rot knownXto contain trypto- 
phane,therefore,if the nucleolus contains tryptophane, 
proteins other than histone must be 
present therein. 
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The above are almo1st the only facts 
available concerning the histochemistry of the nucle- 
olus apart from the work of Gardner (1934) and Gersch 
(1940) which showed,by micro- incineration techniques, 
the presence of phosphorus in the nucleolus. The 
latter worker also suggested that the nucleolus 
contained phosphoproteins,on the basis of solubility 
tests. 
L'U NCTIuN OP THE NUCLEOLUS. Regarding this point 
nothing definite is known. Since 1882 the nucleolus 
has been regarded by many workers as a source or 
reservoir of chromatin (rlemning,1882),while others 
have developed the thesis of HSiaenhain (1909) that 
the nucleolus is an accumulation of the excretory 
products of the nucleus which are rejected during cell 
division. This last view has been developed in a 
modified form by Gates (1942) who has postulated that 
the nucleolus receives material from the chromosomes 
at the telophase of the mitotic cycle,and that this 
material is transferred to the cytoplasm At the 
following prophase. 
inally,there is the theory off Caspereson 
already mentioned in the inrtoduction. Caspersson looks 
upon the nucleolus as an accumulation of the products 
of heterochromatin which control in some way the syn- 
thesis of cytoplasmic ribose nucleoproteins and protein 
in general. 
It is quite obvious,however,that little 
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more is known of the physiological function of the 
nucleolus than was known in 1898 when ::ontgomery 
;published his famous review of the subject. 
ICAJ C : BF TEE :RESENT INVESTIGATION. Unfort- 
unately,the work reported in the previous sections 
has done little to help to clear up the very 
unsatisfactory state of present day Knowledge of the 
structure and physiology of the nucleolus. 
The results would indicate that in 
normal nuclei there is present ample ribose nucleic 
acid to allow the nucleolus to contain ribose nucleo- 
proteins. They do not,however,conclusively prove 
this to be the case. There is definitely a direct 
relationship between the ribose nucleic acid content 
d 
of isolated nuclei anZ the prominence of the nuclear 
structure therein. '2he same relationship also exist 
between the nuclear ribose nucleic acid and the con- 
; 
tent of the latter substance in the cytoplasm as 
shown by the figures of Brachet (1942) and of David- 
son (1947a). It is thus necessary to assess the 
validity of the reported ribose nucleic acid content.: 
of the nucleus. This has already been discussed to 
some extent and the conclusion seems inescapable 
that the values are approximately correct,although 
they are no doubt maximal due to the presence of non - 
nucleic acid furfural yielding substances and to 
small amounts of cytoplasmic material,the later 
factor probably being of significance only in the 
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liver nuclei. These above effects,however,are so 
small as to have little influence on the magnitude of 
the re-uorted values and it therefore appears quite 
justifiable to make the statement that the ribose 
nucleic acid content of a nucleus is directly pro - 
portional to the prominence of the corresponding 
nucleolur system. 
The same statement holds good in the 
case of regeneratin rat nuclei,in which the nuclear 
ribose nucleic acid is considerably higher than 
normal. s demonstrated by _:ovi.koff and _otter (3_944 
the cytoplasmic ribose nucleic acid is also higher 
in such livers so that once again the danger of 
contamination is 1)resent. 
The available evidence, therefore, does 
not contradict the view that the nucleolus contains 
-fibose nucleic acid,but it in no way shows it to be 
the case. It is difficult to avio.d drawing the 
conclusion already meat oned,however;namely, the 
relationship between the prominence of the nucleolur 
system and the amount of ribose nucleic acid in the 
cell nucleus. 
In the case of fowl eryth_rocyte.:nuclei, 
and to a lesser extent of fish sperm heads,where the. 
small amount of ribose nucleic acid may well be due 
to contamination, there is,hovrever,no obvious nucle- 
olus and yet there is,at least in the case of the 
erythrocyte iiuclei,a significant amount of ribose 
95 
nucleic adid. 'his immediately opens up the possibil : 
of 
ity of extra-nucleii r ribose nucleic acid as has indeed 
been suggested by Caspergpn and others,especially as 
a constituent of the heterochromatin. Kaufman (1948) 
also claimed the 1.2resence of ribose nucleic aci_: in 
the chromosomes,basing his claims on the use of ribo- 
nuclease along with Flernming's triple stain. He 
postulated that ribose nucleic acid occurred in the 
chromosomes in a form undergoing cyclic changes Burin 
mitosis which led him to a relationship suggest  o  n with 
the reciprocal changes in the nucleolus. Again 
Liirsky and Ris (1948) showed the presence of ribose 
nucleic acid in the so called chromosomes isolated 
from various tissues. L:íirsky's evidence for the 
chromosome nature of his preparations is,however,veyy 
_oor. Prom the analyses published it is difficult to 
escape the conclusion that they are grossly distorted 
nuclei. i.Iirsky quotes lymphocyte 'chromosomes as 
having a nucleic acid content of 37% which figure is 
very close to the nucleic acid content of isolated 
lymphocyte nuclei reported in Table 4 (35% - 36;x). 
This would appear to be a&equate evidence that 
i,irsky's chromosomes are nothing other than badly 
damaged nuclei. Be this as it may,however,the poss- 
aI 
ibility of extra- nuclear ribose nucleic acid cannot 
be excluded. 
At this stage of the deveT@10 lent of the 
dhemistry of the cell nucleus ,therefore , it would not 
96 
appear to De unreasonable to assume that the nucle- 
olus contains ribose nucleic acid,although this may 
well occur elsewhere in the nucleus. This conclusion 
must not be considered as more than a working 
hypothesis,and may need radical changes in the light 
of later work. The final solution to the problem of 
nucleolar structure will only be obtained,however, 
when it is possible to isolate this organelle in 
Quantities permitting analyses. From material such 
as fish ova this should not be an impossible task, 
although the relationship of such nuclei to nortal 
somatic nucleoli could well be questioned. From the 
very small amount of ribose nucleic acid present in 
fish sperm,however,it would appear reasonable to 
assume that the latter substance can play no import- 
ant function in the genetic mechanisms of the cell. 
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S U=:IL%rìRY 
1. i.ethods of estimation of ribose nucleic acid are 
discussed and a reliable method for the estimation 
of that substance in isolated cell nuclei described. 
2. An inhibitory effect of deoxyribose nucleic acid 
on the production of furfural by acid hydrolysis of 
ribose nucleic acid is discussed. 
3. idethods are given for the isolation of various 
types of cell nuclei. 
4. Results are Quoted and discussed for the ribose 
nucleic acid c©ntent of cell nuclei isolated from 
normal and regenerating tissues. 
5. .the histochemistry of the nucleolus is discussed 
in relation to the above results and evidence for 
the presence of ribose nucleic acid in the nucleolus 
given. 
b. L criticism of Brachet's histochemical test for 
ribose nucleic acid is given,evidence being produced 
to suggest that the current interpretation of the 
above test is faulty. 
7. The occurence of ribose nucleic acid in the 
nucleolus is postulated. 
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